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Of Aftronomy in general. 





knowledged to be, and undoubtedly is, ‘the moft fublime, aie Ak Ailro- 


ii (): all the fciences cultivated by mankind, Aftronomy is ac-The general 


the moft interefting, and, the moft ufeful.. For, by know- 

| ledge derived from this fcience, not only the bulk .of the 
Earth is difcovered, the fituation and extent of the countries and. king- 
doms upon it afcertained, trade and commerce carried on to the 
remoteft parts of the world, and the various products of feveral coun- 
tries diftributed for the health, comfort, and conveniency of its inha- 
bitants ; but our very faculties are enlarged with the grandeur of the 
ideas it conveys, our minds exalted above the low contraéted preju- 
dices of the vulgar, and our underftandings clearly convinced, and 
affected with the conviction, of the exiftence, wifdom, power, gdood~- 


nefs, and fuperintendency of the SUPREME BEING! So that 
without an hyperbole, — 


“© An undevout Aftronomer ts mad *.” 


2. From this branch of knowledge we alfo learn by what means 
or laws the Almighty carries.on, and continues the admirable har- 
‘mony, order, and connexion obfervable throughout the planetary 
fyftem.; and are led by very powerful arguments to form the pleafing 
deduction, that minds capable of fuch deep refearches not only derive 
their origin from that adorable Being, but: are alfo incited to afpire 

* Dr. YounG’s peas Thoughts. 
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Of Afironomy in general. 


after a more perfect knowledge of his nature, and a ftri€ter conformity 
to his will. 

3. By Aftronomy we difcover that the Earth is at fo great a diftance 
from the Sun, that if feen from thence it would appear no bigger 
than a point; although it's circumference is known to be 25,020 miles. 
Yet that diftance is fo fmall, compared with the diftance of the Fixed 
Stars, that if the Orbit in which the Earth moves round the Sun were 

folid, and feen from the neareft Star, it would likewife appear no 
bigger than a point, although it is at leaft 162 millions of miles in di- 
ameter. For the Earth in going round the Sun is 162 millions of 
miles nearer to fome of the Stars at one time of the year than at an- 
other; and yet their apparent magnitudes, fituations, and diftances 
from one another ftill remain the fame; and a telefcope which magni- 
fies above 200 times does not fenfibly magnify them: which proves 
them to be at leaft 400 thoufand times farther from us than we are 
from the Sun. 
4. Itis not to be imagined that all the Stars ate placed in one con- 
cave furface, fo as to be equally diftant from us; but that they are 
{cattered at immenfe diftances from one another through unlimited 


The Stars arefpace. So that there may be as creat a diftance between any two 


neighbouring Stars, as between our Sun and thofe which are neareft 
to him. Therefore an Obferve-, who is neareft any fixed Star, will 
look upon it alone asa real‘Sun; and confider the reft as fo many 
fhining points, placed at equal diftances from him in the Firmament. 
5. By the help of telefcopes we difcover thoufands of Stars which 
are invifible to the naked eye; and the better our glafies are, {till the 


And innume-more become vifible: fo that we.can fet no limits either to their 


number or their’ diftances. The celebrated HuyGens carries his 
thoughts fo far, as to believe it not impoffible that there may be Stars 
at fuch inconceivable diftances, that their light has not’ yet reached 
the Earth fince it’s creation; although the velocity of light be a million 
of times greater than the velocity of a cannon bullet, as thall be de- 
monttrated afterwards § 197, 216: and, as Mr. App1son very juftly 
obferves, this thought is far from being extravagant, when we confider 
that the Univerfe is the work of infinite power, prompted by infinite 


goodnefs ; having an infinite {pace to exert itfelf in; fo that our imagi- 
nations can fet no bounds to it. 


Why bic 6. The Sun appears very bright and large in comparifon of the 
appears 1o~ b ¥? Px * . 
a phan shee ixed Stars, becaufe w- keep conftanily near the Sun, in comparifon 


of our immenfe diftance from the Stars. For, a {fpectator, placed as 
near to any Star as we are to the Sun, would fee that Star a body as 


2. large 
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large and bright as the Sun appears to us: and a fpeétator, as far diftant 
from the Sun as we are from the Stars, would fee the Sun as {mall as 
we fee a Star, divefted of all its circumvolving Planets; and would 
reckon it one of the Stars in numbering them. 


7. The Stars, being at fuch immenfe diftances from the Sun, cannot The Stars are 
poffibly receive from him fo ftrong a light as they feem to have; nor ®t enlight- 


any brightnefs fufficient to make them vifible to us. For the Sun’s 
rays muit be fo fcattered and diffipated before they reach fuch remote 
objects, that they can never be tranfmitted back to our eyes, fo as to 
render thefe objects vifible by reflection. ‘The Stars therefore fhine 
with their own native and unborrowed luftre, as the Sun does; and 
fince each particular Star, as well as the Sun, is confined to a particular 
portion of {pace, ’tis plain that the Stars are of the fame nature with 
the Sun. 

8. It is no ways probable that the Almighty, who always acts 
with infinite wifdom and does nothing in vain, fhould create fo many 
glorious Suns, fit for fo many important purpofes, and place them 
at fuch diftances from one another, without proper objects near 


enough to be benefited by their influences. Whoever imagines they They are pro- 


were created only to give a faint elimmering light to the inhabitants bably fur- 
5 hE: rounded by 


Planets. 


of this Globe, muft have a very fuperficial knowledge of Aftronomy, 
and a mean opinion of the DivineWifdom: fince, by an infinitely lefs 
exertion of creating power, the Deity could have given our Earth 
much more light by one fingle additional Moon. 

g. Inftead then of one Sun and one World only in the Univerfe, 
as the unfkilful in Aftronomy imagine, that Science difcovers to us 
fuch an inconceivable number of Suns, Syftems, and Worlds, dif- 
perfed through boundlefs Space, that if our Sun, with all the Planets, 
Moons, and Comets belonging to it were annihilated, they would be 
no more miffed out of the Creation than a grain of fand from the 
fea-fhore. The fpace they pofiefs being comparatively fo fmall, that 
it would fcarce be a fenfible blank in the Univerfe; although Saturn, 
the outermoft of our planets, revolves about the Sun in an Orbit of 
4884 millions of miles in circumference, and forme of our Comets 
make excurfions upwards of ten thoufand millions of miles beyond 
Saturn’s Orbit; and yet, at that amazing diftance, they are incomparably 
nearer to'the Sun than to any of the Stars; as is evident from their 
keeping clear of the attractive Power of all the Stars, and returning pe- 
riodically by virtue of the Sun’s attra¢tion. 


10. From what we know of our own Syftem it may be reafonably f he fellar 
-iane‘s may 
» be habitable, 


concluded that all the reft are with equal wifdom contrived, fituated 
B 2 an 
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and provided with accommodations for rational inhabitants. Let us 
‘therefore take a furvey of the Syftem to which we belong; the only 
‘ one acceflible to us; and from thence we fhall be’the better enabled 
to judge of the nature and end of the other Syftems of the Univerfe. 
For although there is almoft an infinite variety in all the parts of the 
Creation which we have opportunities of examining; yet there is a 
general analogy running through and connecting all the parts into one 
cheme, one defign, one whole! 
11. And then, to an attentive confiderer, it will appear highly 
robable, that the Planets of our Syftem, together with their atten- 
As our Solardants called Satellites'or Moons, are much of the fame nature with 
Planets are. -ou- Barth, and deftined for the like purpofes. For, they are folid 
opaque Globes, capable of fupporting animals and vegetables. Some 
of them are bigger, fome lefs, and fome much about the fize of our 
Earth. ‘They all circulate round the Sun, as the Earth does, in a 
fhorter or longer time according to their refpective diftances from 
him : and have, where it would not be inconvenient, regular returns 
of fummer and winter, fpring and autumn. ‘T hey have warmer and 
colder climates, as the various productions of our Earth require : and; 
in fuch as afford a poffibility of difcovering it, we obferve a regular 
motion round their Axes like that of our Earth, caufing an alternate 
return of day and night; which is neceflary for labour, reft, and 
vegetation, and that all parts of their furfaces may be expofed to the 
rays of the Sun. 

The farthet? 12+ Such ‘of thé Planets as are fartheft from the Sun, and there- 


x 
£ilO Fas titci 


from the Sunfore enjoy leaft of his light, have that deficiency made up by feve- 


Ncns to en.t2! Moons, which conftantly accompany, and revolve about them, 
chten their as our Moon revolves about the Earth. ‘The remoteft Planet has, over 
nights. and above, a broad Ring encompafling it ; which like a lucid Zone in 
the Heavens reflects the Sun’s light very copioufly on that Planet: fo 
that if the remoter Planets have the Sun’s light fainter by day. than we, 
they have an addition made to it morning and evening by one or more 
of their Moons, and a greater quantity of light in the night-time. 
Our Moon 13. On the furface of the Moon, becaufe it is nearer us than any 
rab corse other of the celeftial Bodies are, we difcover a nearer refemblance of 
“our Earth. For, by the affiftance of telefcopes we obferve the Moon 
to be full of high mountains, large valleys, and deep cavities. Thefe 
fimilarities leave’ us no room to doubt but that all the Planets and 
Moons in the Syftem are defigned as commodious habitations for crea- 
tures endowed with capacities of knowing and adoring their beneficent 
Creator. 


—, 





14. Since 
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Of Aftronomy in general. 


14. Since the Fixed Stars are prodigious {pheres of fire, like our 
Sun, and at inconceivable diftances from one another, as well as from 
us, it is reafonable to conclude they are made for the fame purpofes 
that the Sun is; each to beftow light, heat, and vegetation on a 
certain number of inhabited Planets, kept by gravitation within the 


{phere of it’s activity. 


15, What an auguft! what an amazing conception, if human ima-Numberlefi 
gination can conceive it, does this give of the works of the Creator Sere e, 
Thoufands of thoufands of Suns, multiplied without end, and ranged eh at 
all around us, at immenfe diftances from each other, attended by ten 
thoufand times ten thoufand Worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the paths prefcribed them ; 
and thefe Worlds peopled with myriads of intelligent beings, formed 
for endlefs progreflion in perfection and felicity. 

16. If fo much power, wifdom, goodnefs, and magnificence is 
difplayed in the material Creation, which is the leaft.confiderable part 
of the Univerfe, how great, how wife, how good muft HE be, who 
made and governs the Whole! 


bere 


CHAP. I 
A brief Defcription of the Sovax System. 


17. 4 beim Planets and Comets which move round the Sun as theirPLATE }. 
center, conftitute the Solar Syftem. Thofe Planets which Fig. 1. 

are nearer the Sun not only finifh their circuits fooner, but likewife 

move fafter in their refpective Orbits than thofe which are more re=-The Solar 

mote from him. ‘Their motions are all performed from weft to eaft, Syfem. 

in Orbits nearly circular. Their names, diftances, bulks, and perio- 

dical revolutions, are as follows. 


18. The Sun #%, an immenfe globe of fire, is placed near the'The Sun 
common center, or rather in the lower * focus, of the Orbits of all 


* If a thread be tied loofely round two pins ftuck in a table, and moderately ftretched 
by the point of a black lead pencil carried round by an even motion and light preflure 
of the hand, an oval or ellipfis will be defcribed ; the two points where the pins are 
fixed being called the foci or focufes thereof. The Orbits of all the Planets are ellip- 
tical, and the Sun is placed in or near to one of the faci of each of them: and ¢ha? in 
which he is placed, is called the /ower focus. f 
HE 


ce 
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il PLATE I. the Planets and Comets* ; and turns round his axis in 2 5 days 6 hours, 


































Fig. I. as is evident by the motion of {pots feen on his furface. His diameter 
, The Sun. is computed to be 763,000 miles ; and, by the various attractions 
of the circumvolving Planets, he is agitated by a {mall motion 


round the center of gravity of the Syftem. All the Planets, as feen 
from him, move the fame way, and according to the order of Signs in 
the graduated Circle Y 8 Il % &c. which reprefents the great Ecliptic in 
the Heavens: but, as feen from any one Planet, the reft appear fome- 
times to go backward, fometimes forward, and fometimes to ftand 
ftill; not in circles nor ellipfes, but in + looped curves which never 
return into themfelves. "The Comets come from all parts of the Hea- 
vens, and move in all forts of directions. 
19. Having mentioned the Sun’s turning round his axis, and as 
there will be frequent occafion to fpeak of the like motion of the 
Earth and other Planets, it is proper here to inform the young Tyro in 
Aftronomy, that neither the Sun nor Pianets have material axes to 
turn upon, and fupport them, as in the little imperfect Machines con- 
The Axes of trrved to reprefent them. For the axis of a Planet is a line conceived 
cg tae i to be drawn through it’s center, about which it revolves as on a real 
axis. The extremities of this line, terminating in oppofite points of 
the Planet’s furface, are called its Poles. That which points towards 
the northern part of the Heavens is called the North Pole; and the 
other, pointing towards the /outhern part, is called the South Pole. A 
bow] whirled from one’s hand into the open air turns round fuch a line 
within itfelf, whilft it moves forward; and fuch are the lines we mean, 
when we fpeak of the Axes of the Heavenly bodies. 
Their Orbits “ 20. Let us fuppofe the Earth’s Orbit to be a thin, even, folid plane ; 
fame plane cutting the Sun through the center, and extended out as far as the 
with the E- Starry Heavens, where it will mark the great Circle called the Echiptec. 
cliptic, This Circle we fuppofe to be divided into 12 equal parts, called Szgns; 
each Sign into 30 equal parts, called Degrees; each Degree into 
6o equal parts, called Minutes; and every Minute into 60 equal parts, 
called Seconds: fo that a Second is the 6oth part of a Minute; a Minute 


* Aftronomers are not far from the truth, when they reckon the Sun’s center the lower 
focus of all the Planetary Orbits. ‘Though ftritly fpeaking, if we confider the focus 
of Mercury’s Orbit to be in the Sun’s center, the focus of Venus’s Orbit will be in the 
common center of gravity of the Sun and Mercury; the focus of the Farth’s Orbit 
in the common center of gravity of the Sun, Mercury, and Venus; the focus ofthe 
Orbit of Mars in the common center of gravity of the Sun, Mercury, Venus, and the 
Earth ; ‘and fo of the reft. Yet, the focufes of the Orbits of all the Planets, except 
Saturn, will not be fenfibly removed from the center of the Sun ; nor will the focus of 
Saturn’s Orbit recede fenfibly from the common center of gravity of the Sun and Jupiter. 


t As reprefented in Plate III, Fig. I. and deferibed in § 138. 
the 
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the 6oth part of a Degree ; and a Degree the 360th part of a Circle,PLATE I, , 


or 30th part of a Sign. The Planes of the Orbits of all the other 

Planets likewife cut the Sun in halves; but extended to the Heavens, 

form Circles different from one another, and from the Ecliptic ; one 

half of each being on the north fide, and the other on the fouth fide of Their Nodes. 
it. Confequently the Orbit of each Planet croffes the Ecliptic in two 

oppofite points, which are called the Planet’s Nodes. Thefe Nodes are 

all in different parts of the Kcliptic; and therefore, if the planetary 

Tracks remained vifible in the Heavens, they would in fome meafure 

refemble the different rutts of waggon-wheels croffing one another in 

different parts, but never going far afunder. That Node, or Inter- 

fection of the Orbit of any Planet with the Earth’s Orbit, from which 

the Planet afcends northward above the Ecliptic, is called the 4fcending 

Node of the Planet; and the other, which is directly oppofite thereto, 

is called it’s Defcending Node. Saturn’s Afcending Node is in 21 deg. Where fituat- 
13 min. of Cancer €5, Jupiter’s in 7 deg. 29 min. of the fame Sign; &¢- 

Mars’s in 17 deg. 17 min. of Taurus S$, Venus’s in 13 deg. 59 min. 

of Gemini T[, and Mercury’s in 14 deg. 43 min. of Taurus. Here we 

confider the Earth’s Orbit as the ftandard, and the Orbits of all the 

other Planets as oblique to it. 

21. When we fpeak of the Planets Orbits, all that is meant is their The Planets 
Paths through the open and unrefifting Space in which they move ; OQ” what 
and are kept in, by the attractive power of the Sun, and the projectile 
force impreffed upon them at firft: between which power and force 
there is fo exact an adjuftment, that without any folid Orbits to confine 
the Planets, they keep their courfes, and at the end of every revolution 
find the points from whence they firft fet out, much more truly than 
can be imitated in the beft machines made by human art. 


22. Mercury, the neareft Planet to the Sun, goes round him Mercury. 
(as in the circle marked ¥ ) in 87 days 23 hours of our time nearly ; 
which is the length of his year. But, being feldom feen, and NOFig. I. 
{pots appearing on his furface or difc, the time of his rotation on 
his axis, or the length of his days and nights, is as yet unknown. 
His diftance from the Sun is computed to be 32 millions of miles, and 
his diameter 2600. In his courfe, round the Sun, he moves at the 
rate of g5 thoufand miles every hour. His light and heat from the 
Sun are almoft feven times as great as ours; and the Sun appears to him 
almoft feven times as large as to us. The great heat on this Planet isMay be inha- 
no argument againft it’s being inhabited ; fince the Almighty could as bited. 
eafily {uit the bodies and conftitutions of it’s inhabitants to the ast of 
their 
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sir dwelling, as he has done ours to the temperature. of our Earth: 
And it is very probable that the people there have fuch an opinion of 


is, as we have of the inhabitants of Jupiter and Saturn ; namely, 
that we mutt be intolerably cold, and: have very little light at fo great 
a diftance from the 
Has like pha. 23. This Planet appears to us with all the various phafes of the 
fes with the Woon, when viewed at different times by a good telefcope; fave only 
that he never appears quite Full, becaufe his enlightened fide is never 
turned direétly towards us but when he 1s {o near the Sun as to be loft to 
our fight in it’s beams. And, as his enlightened fide is always toward. 
the Sun, it is plain that he fhines not by any light of his own; for 
if he did, he would conftantly appear round. That he moves about 
the Sun in an Orbit within the Earth’s Orbit is alfo plain (as will be 
more largely fhewn by and by, § 141, & feg.) becaufe he is never feen 
oppofite to the Sun, nor above 56 times the Sun’s breadth from his 


center. 


un 


His Orbi 24. His Orbit is inclined feven degrees to the Ecliptic ; and that 


and Nodes. Node § 20, from which he afcends northward above the Ecliptic is 
in the 14th degree of Taurus; the oppofite, in the 14th degree of 
Scorpio. The Earth is in thefe points on the 5th of November and 
ath of May, new ftyle ; and when Mercury comes to either of his 
Nodes at his * inferior Conjunction about thefe times, he will appear 
to pafs over the dife or face of the Sun, like a dark round fpot. But 
in all other parts of his Orbit his Conjunctons are invifible, becaufe 
he either goes above or below the Sun. 

When he will 25. Mr. WuisTon has given us an account of feveral periods at 

ee Med which Mercury may be feen on the Sun’s difc, wz. In the year 

: ~ 1782, Nov. 12th, at 3h. 44m. in the afternoon: 1786, May ath, 
at 6h. s7 m. in the forenoon: 1789, Dec. 6th, at 3h. 55 m. in the 
afternoon ; and 1799, May 7th, at 2h, 34m. in the afternoon. There 
will be feveral intermediate Tranfits, but none of them vifible at 
London. 


26. Venus, the next Planet in order, is computed to be 59 millions 
Fig. I. of miles from the Sun; and by moving at the rate of 69 thoufand 
miles every hour in her Orbit (as in the circle marked 9), fhe goes 
round the Sun in 224 days 17 hours of our time nearly; in which, 
ene. though it be the full length of her year, fhe has only 9% days, ac- 
cording to Brancuini’s obfervations; fo that in her, every day and 
night together is as Jong as 24% days and nights with us. This odd 
* When he is between the Earth and the Sun in the nearer part of his Orbit. 
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quarter of a day in every year makes every fourth year a léap-year to 
Venus; as the like does to our Earth. Her diameter is 7906 miles; 
and by her diurnal motion the inhabitants about her Equator are carried 
43 miles every hour: befides the 69,000 above-mentioned. 

27. Her Orbit includes that.of Mercury within it; for at her greateft Her Orbit lie: 
Elongation, or apparent diftance from the Sun, fhe is 96 times hag wern the 
breadth from his centre ; which is almoft double of Mercury’s. er Mercury. 
Orbit is included by the Earth’s; for if it were not, fhe might be feen 
as often in Oppofition to the Sun as in ConjunGtion with him; but 
fhe was never feen go degrees, or a fourth part of a Circle, from 
the Sun. 

28. When Venus appears weft of the Sun fhe rifes before him in the She is our 
morning, and is called the Morning Star: when fhe appears eatt 2 aie Soe 
the Sun the fhines in the evening after he fets, and is then called th€ by turns. 
Evening Star: being each in it’s turn’ for 290 days. It:may perhaps 
be furprifing at firft, that Venus fhould keep longer on’the eaft or weft 
of the Sun than the whole time of her Period round him. But the 
difficulty vanifhes when we confider that the Earth is all the while 
going round the Sun the fame way, though not fo quick as Venus: 
and therefore her relative motion to the Earth muf in every Period be 
as much flower than her abfolute motion in her Orbit, ‘as the Earth 
during that time advances forward in the Eliptic ; which is 220 degrees. 

To us fhe appears through a telefcope in all the various fhapes of the 
Moon. 

29. The Axis of Venus is inclined 75 degrees to the Axis of her 
Orbit; which is 51‘ degrees more than our Earth’s Axis is inclined to 

the Axis of the Ecliptic: and therefore the variation of her {eafons is 
much greater than of ours. The North Pole of her Axis inclines to- 
ward the 2oth degree of Aquarius, our Earth’s to the beginning of 
Cancer; and therefore the northern parts of Venus have fummier in 
the Signs where thofe of our Earth have winter, and v7ce versd. 

30. The * artificial day at each Pole of Venus is as long as 112% Remarkable 
++ natural days on our Earth. claire 

31. The Sun’s greateft Declination on each fide of her Equator Her Tropics 
amounts to 75 degrees; therefore her {| Tropics are only 15 degrees oP ow 


tnated 
fituate GQ. 


* The time between the Sun’s rifing and fetting. 

t+ One entire revolution, or 24 hours. 

{ ‘Ubefe are lefler circles parallel to the Equator, and as many degrees from it, to- 
wards the Poles, as the Axis of the Planet is inclined to the Axis of it’s Orbit. When 
the Sun is advanced fo far north or fouth of the Equator as to be direétly over either 
Tropic, he goes no farther; but returns towards the other. 
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ti» from her Poles; and her * Polar Circles as far from her Equator. Con- 
fequently, the Tropics of Venus are between her Polar Circles and her 
Poles ; contrary to what thofe of our Earth are. 
The Sun’s 32. As her annual Revolution contains only gt of her days, the 
daily Courfe. Sun will always appear to go through a Sign, or twelfth Part of her 
Orbit, in little more that three quarters of her natural day, or nearly 
in 18+ of our days and nights. 
3. Becaufe her day is fo great a part of her year, the Sun changes 
his Declination in one day fo much, that if he paffes vertically, or 
And great directly over head of any given place on the Tropic, the next day he 
Cecination. will be 26 degrees from it: and whatever place he paffes vertically 
over when in the Equator, one day’s revolution will remove him 364 
degrees from it. So that the Sun changes his Declination every day in 
Venus about 14 degrees more at a mearrrate, than he does in a quarter 
of a year on our Earth. This appears to be providentially ordered, 
for preventing the too great effects of the Sun’s heat (which is twice 
as great on Venus as on the Earth) fo that he cannot fhine perpendi- 
cularly on the fame places for two days together; and by that means, 
the heated places have time to cool. 
Todetermine 34. If the inhabitants about the North Pole of Venus fix their South, 
the points of or Meridian Line, through that part of the Heavens where the Sun 
the: Peles, comes to his greateft Height, or North Declination, and call thofe 
the Eaft and Weft points of their Horizon, which are go degrees on 
each fide from that point where the Horizon is cut by the Meridian 
Line, thefe inhabitants will have the following ‘remarkables, 
The Sun will rife 224 degrees + north of the Eaft, and going on 
112; degrees, as meafured on the plane of the + Horizon; he will 
crofs the Meridian at an altitude of 122 degrees; then making an 
entire revolution without fetting, he will crofs it again at an altitude of 
48; degrees; at the next revolution he will crofs the Meridian as he 
comes to his greateft height and declination, at the altitude of 75 de- 
Surprifing ap-erees ; being then only 15 degrees from the Zenith, or that point of 
her Poles; the Heavens which is direétly over head: and thence he will defcend 
in the like fpiral manner; croffing the Meridian firft at the altitude of 
48 degrees; nextat the altitude of 124 degrees ; and going on thence 
112% degrees, he will fet 224 degrees north of the Weft; fo that, after 


* Thefe are leffer circles round the Poles, and as far from them as the ‘Tropics are 
from the Equator. The Poles are the very north and fouth points of the Planet. 

t A Degree is a 360th part of any Circle. See § 21. 

{ The Limit of any inhabitant’s view, where the Sky feems to touch the Planet 
all round him. 
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having been 4 revolutions above the Horizon, he defcends below it 
to exhibit the like appearances at the South Pole. 

35. Ateach Pole, the Sun continues half a year without fetting in 
fummer, and as long without rifing in winter ; confequently the polar 
inhabitants of Venus have only one day and one night in the year; as 
it is at the Poles of our Earth. But the difference between the heat of 
fummer and cold of winter, or of mid-day and mid-night, on Venus, 
is much greater than on the Earth: becaufe in Venus, as the Sun is 
for half a year together above the Horizon of each Pole in it’s turn, 
fo he is for a confiderable part of that time near the Zenith ; and 
during the other half of the year, always below the Horizon, and 
for a great part of that time at leaft 70 degrees from it. Whereas, 
at the Poles of our Earth, although the Sun is for half a year together 
above the Horizon, yet he never afcends above, nor defcends below it, 
more than 234 degrees. When the Sun is in the Equinoctial, or in that 
Circle which divides the northern half of the Heavens from the 
fouthern, he is feen with one half of his Difc above the Horizon of 
the North Pole, and the other half above the Horizon of the South 
Pole; fo that his center is in the Horizon of both Poles: and then de- 
fcending below the Horizon of one, he afcends gradually above that of 
the other. Hence, in a year, each Pole has one fpring, one harvett, 

a fummer as long as them both, and a winter equal in length to the 
other three feafons. 

26. At the Polar Circlesof Venus, the feafons are much the fame ast her polar 
at the Equator, becaufe there are only 15 degrees betwixt them, § 31; sail 
only the winters are not quite fo long, nor the fummers fo fhort : but 
the four feafons come twice round every year. 

37. At Venus’s Tropics, the Sun continues for about fifteen of ourAt her Tro- 
weeks together without fetting in fummer; and as long without rifing?™’ 
in winter. Whilft he is more than 15 degrees from the Equator, he 
neither rifes to the inhabitants of the one Tropic, nor fets to thofe of 
the other: whereas, at our terreftrial Tropics he rifes and fets every 
day of the year. 

38. At Venus’s Tropics, the Seafons are much the fame as at her 
Poles; only the fummers are a little longer, and the winters a little 
fhorter. 

39. At her Equator, the days and nights are always of the famedt her Equa. 
length; and yet the diurnal and nocturnal Arches are vety different, ' 
efpecially when the Sun’s declination is about the ereateft : for then, 
his meridian altitude may fometimes be twice as great as his midnight 
depreffion, and at other times the reverie. When the Sun is at his 
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i greateft Declination, either North or South, his rays are as oblique at 
Venus’s Equator, as they are at London on the fhorteft day of winter. 
Therefore, at her Equator there are two winters, two f{ummers, two 
fprings, and two.autumns every year. But becaufe the Sun ftays for 
{ome time near the Tropics, and paffes fo quickly over the Equator, 
very winter there will be almoft twice as long as fummer: the four 
feafons returning twice in that time, which confifts only of 9+ days. 
40. Thofe parts of Venus which lie between the Poles and Tropics, 
and between the Tropics and Polar Circles, and alfo between the 
Polar Circles and Equator, partake more or lefs of the Phenomena of 
thefe Circles, as they are more or lefs diftant from them. 
Great dife- . 41. From the quick change of the Sun’s declination it happens, 
rence of the that when he rifes due eaft on any day, he will not fet due weft on that 
rade at rane C4Ys as with us; for if the place where he rifes due eaft be on the 
and fetting. Equator, he will fet on that day almoft weft-north-weft ; or about 184 
degrees north of the weft. But if the place be in 45 degrees north 
latitude, then on the day that the Sun rifes due eaft he will fet nerth- 
weit by weft, or 33 degrees north of the weft. And in 62 degrees 
north latitude when he rifes in the eaft, he fets not in that revolution; 
but juft touches the Horizon 10 degrees to the weft of the north point ; 
and afcends again, continuing for 3. revolutions above the Horizon 
without fetting:. ‘Therefore, no place has the forenoon and afternoon 
of the fame day equally long, unlefs it be on the Equator or at the Poles. 
The longi- 42. The Sun’s altitude at noon, or any other time of the day, and 
tude of places his amplitude at rifing and fetting, being fo different at places on the 
im Venus. ame parallels of latitude, according to the different longitudes of thofe 
places, the longitude will be almoft as eafily found on Venus as the 
latitude is found on the Earth: which is an advantage we can never 
enjoy, becaufe the daily change of the Sun’s declinationis by much too 
{mall for that. purpofe. 

43. On this Planet, wherever the Sun croffles the Equator in any 
seen ae, Yeat, he will have 9 degrees of declination from that place onthe fame 
day forward day and hour next year; and will crofs the Equator go. degrees farther 
every year. -to the weft; which makes the time of the Equinox a quarter ofa day 

(almoft equal to fix of our days) later every year. Hence, although the 
{piral in which the Sun’s motion is performed, be of the fame fort every 
year, yet it will not be the very fame, becaufe-the Sun will ‘not pafs 

vertically over the fame places till four annual revolutions are finifhed. 
Every fourth 44. We may fuppofe that the inhabitants of Venus will be careful 
year a leap- to add a day to fome particular part of every fourth year; which will 
"keep the fame feafons to the fame days. For, as the great annual 
change 
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change of the Equinoxes and Solftices fhifts the feafons a quarter of aPLATEI. 
day every year, they would be fhifted through all the days of the year 

in 36 years. But by means of this intercalary day, every fourth year 

will be a leap-year ; which will bring her time to an even reckoning, 

and keep her Calendar always right. 

4.5. Venus’s Orbit is inclined 34 degrees to the Earth’s; and crofies When the will 
it in the 14th degree of Gemini and of Sagittarius ; and therefore "Leila 
when the Earth is about thefe points of the Ecl liptic at the time tha ns ie 
Venus is in her inferiour conjunction, fhe will appear like a {pot on ae 
Sun, and aftord a more certain method of finding the diftances of all 
the Planets from the Sun than any other yet known. But thef 
appearances happen very feldom; and will only be thrice vifible at 
London for three hundred years to come. The firft time will be in 
the year 1761, ee the 6th, at 5 hours 55 minutes in the morning, 

The fecond 1996, ‘fune the gth, io 2 hours 13 minutes in the aE Ee 
noon. And the Hin rd in the year 2004, “June the 6th, at 7 hours 18 
minutesin the forenoon. Excepting fuch 'T Sean Ges as hale. fhe fhews the 
fame appearances to us regularly every eight years; her ConjunCtons, 
Elongations, and Times of rifing and fet ting being very nearly the 
fame, on the fame days, as before 

46. Venus may have a Satellite or Moon, although it be undif- Ste may have 

covered by us: which will not appear very furprifing, if we confider oleate tte ee 
how i Hoirnshichety we are placed for feeing it. For it’s enlightened fide camnet PAE) 
can nevér be fully turned towards us but when Venus is beyond the 
Sun; and then, as Venus appears little bigger than an ordinary 
Star, her Moon may be too fmall to be perceptible at fuch a diftance. 
When fhe is between us and the Sun, her full Moon has it’s dark 
fide towards us; and then we cannot fee it any more than we can our 
own Moon at the time of Change. When Venus is at her Beene 
Elongation, we have but one half of the enlightened fide of her Full 
Moon towards us; and even then it may be too far diftant to be feen 
by us. Butif fhe has a Moon, it may certainly be feen with her upon 
the Sun, in the year 1761, unlefs it’s Orbit be confiderably inclined to 
the Ecliptic : for if it fhould be in conjunGtion or oppofition at that 
time, we can hardly imagine that it moves fo flow as to be hid by 
Venus all the fix hours that the will appear on the Sun’s Dife. 


47. The Earrn is the next Planet above Venus in the Syftem. It The Earth, 
a 81 millions of miles from the Sun, and goes round him ‘(as i in the 
D days 5 hours 49 minutes, from any Equinox or Sol- 


ircle G)) in’ 365 na ; | 
ftice to the fame again: but from any fixed Star to the fame again, 
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- the length of the Tropical year, and the latter the length of the 
Sidereal. It travels at the rate of 58 thoufand miles every hour, which 
motion, though 120 times (wifter than that of a cannon ball, ts little 
more than half as fwift as Mercury’s motion in his Orbit. The Earth’s 
diameter is 7970 miles; and by turning round it’s Axis every 24 hours 
from Weft to Eaft, it caufes an apparent diurnal motion of all the 
heavenly Bodies from Eafttto Weft. By this rapid motion of the Earth 
on it’s Axis, the inhabitants about the Equator are carried 1042 miles 
every hour, whilft thofe on the parallel of London are carried only 
about 580, befides the 58 thoufand miles by the annual motion above- 


mentioned, which is common to all places whatever. 


1’ diurnal feen from the Sun, in 365 days 6 hours and g minutes ; the former 
| 


pein? 


~ 
> 


Inclination of 48. The Earth’s Axis makes an angle of 237 degrees with the Axis 


of it’s Orbit; and keeps always the fame oblique direction ; inclining 
towards the fame fixed Stars* throughout it’s annual courte ; which 
caufes the returns of fpring, fummer, autumn, and winter; as will be 
explained at large in the tenth Chapter. 

s 4g. The Earth is round likea globe ; asappears, I. from it’s fhadow 
in Eclipfes of the Moon; which fhadow is always bounded by a circular 
line § 314. 2. From our feeing the mafts of a fhip whilft the hull is 
hid by the convexity of the water. 3. From it’s having been failed 
round by many navigators. The hills take off no more from the round- 
nefs of the Earth in comparifon, than grains of duit do from the round- 
nefs of a common Globe. 

o. The feas and unknown parts of the Earth (by a meafurement 
of the beft Maps) contain 160 million 522 thoufand and 26 fquare 
miles; the inhabited parts 38 million ggo thoufand 569: Europe 
4 million 4.56 thoufand and 65; A/a 10 million 768 thoufand 823 ; 
Africa 9 million 654 thoufand 807 ; America 14 million 110 thoufand 
874. Inall, 199 million 512 thoufand 595; which is the number 
of fquare miles on the whole furface of our Globe. 


The propor- 51. Dr. Lone, in the firft volume of his Aftronomy, pag. 168, 


mentions an. ingenious and eafy method of finding nearly what pro- 


portion the land bears to the fea; which is, to take the papers of a 


large terreftrial globe, and after feparating the land from the fea with 


a pair of fciffars, to weigh them carefully in feales. ‘This fuppofes the 
globe to be exaétly delineated, and the papers all of equal thicknets. 


* This is not ftri@ly true, as will appear when we come to treat of the Receffion 
of the Equinoétial Points in the Heavens § 246; which receffion is equal to the devia- 
tion of the Earth’s Axis from it’s parallelifm: but this is rather too fmall to be fenfible 
in an age, except to thofe who make very nice obfervations. 
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The Doétor made the experiment on the papers of Mr.SENEx’s feventeenPLATE I. 
inch globe ; and found that the fea papers weighed 349 grains, and the 

land only 124: by which it appears that almoft three fourth parts of the 

furface of our Earth between the Polar Circle 2re covered with water, and 

that little more than one fourth is dry land’, 1 he Doctor omitted weighing 

all within the Polar Circles ; becaufe there is no certain meafurement of 

the land there, fo as to know what proportion it bears to the fea. 


52. The Moon is not a Planet, but only a Satellite or Attendant of The Moon. 

the Earth, moving round the Earth from Change to Change in 29 days 
12 hours and 44 minutes; and going round the Sun with it every year. 
The Moon's diameters 2180 miles; and her diftance from the Earth 
240 thoufand. She goes round her Orbit in 27 days 7 hours 43 minutes, 
moving about 2290 miles every hour;. and turns round her Axis exactly 
in the time that fhe goes round the Earth, which is the reafon of her 
keeping always the fame fide towards us, and that her day and night 
taken together is as long as our lunar month. 

53. The Moon is an opaque Globe like the Earth, and fhines only 
by reflecting the light of the Sun: therefore whilft that half. of her 
which is toward the Sun is enlightened, the other half muft be dark 
and-invifible. Hence, fhe difappears when fhe comes between us and Her Phafes. 
the Sun; becaufe her dark fide is then toward us. When fhe is gone 
a little way forward, we fee a little of her enlightened fide; which {till 
increafes to our view, as fhe advances forward, until fhe comes to be 
oppofite to the Sun ; and then her whole enlightened fide is towards 
the Earth, and fhe appears with a round, illumined Orb; which we 
call the Fu/l Moon: her dark fide being then turned away from the 
Earth. From the Full fhe feems to decreafe gradually as fhe goes 
through the other half of her courfe; fhewing us lefs and lefs of her 
enlightened fide every day, till her next change or conjunction with 
the Sun, and then fhe difappears as before. 

54. The continual changing of the Moon’s phafes or fhapes demon-A proof that 
{trates that fhe fhines not by any light of her own: for if fhe did, beings pen 
globular, we fhould always fee her with a round full Orb like the Sun. light. 

Her Orbit is reprefented in the Scheme by the little circle #, upon the 
Earth’s Orbit @: but it is drawn fifty times too large in proportion toFig. I. 
the Earth’s ; and yet is almoft too fmall to be feen in the Diagram. 

55. The Moon has fcarce any difference of feafons; her Axis being One Heth: 
almoft perpendicular to the Ecliptic. What is very fingular, one ks SEL, 
of her has no darknefs at all; the Earth conftantly affording it a {trong 
light in the Sun’s abfence; while the other half has a fortnight’s dark- 
nefs and a fortnight’s light by turns. 56. Our 
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1 Our Earth is ¢6, Our Earth is a Moon to the Moon, waxing and waneing regu 

ee larly, but appearing thirteen times as big, and affording her thirteen 
times as much light, as fhe does to us. .When the changes tous, the 
| Earth appears full to her; and when fhe 1s in her firft quarter to us, 


Mit the Earth is in it’s third quarter to her; and UVICe VErsa. 

57. But from one half of the Moon, the Earth is never feen at all: 
from the middle of the other half, it is always feen over head; turning 
round almoft thirty times as quick as the Moon does. From the line 
which limits our view of the Moon, or all round what we call her 
edges, only one half of the Earth’s fide next her is feen; the other 

half being hid below the Horizon. To her, the Eaith feems to be 
the biggeft Body in the Univerfe; for it appears thirteen times as big 
as fhe does to us. 

58. The Moon has nofuch Atmofphere, or body of air furrounding 
her as we have: for if fhe had, we could never fee her edge fo well 
defined as it appears; but there would be a fort of a mitt or hazinefs 
round her, which would make the Stars look fainter, when they were 

A Proof of feen through it. But obfervation proves, that the Stars which difappear 

Pee ee behind the Moon retain their full luftre until they feem to touch her ver 

mofphere; edge, and then vanifhin a moment. This has been often obferved by 
Aftronomers, but particularly by Cassini * of the Star y in the breaft 
of Virgo, which appears fingle and round to the bare eye; but through 
a refracting Telefcope of 16 feet appears to be two Stars fo near toge- 
ther, that the diftance between them feems to be but equal to one of 
their apparent diameters. ‘The Moon was obferved to pafs over them 
on the 21ftof 4pril 1720, N.S. and as her dark edge drew near to 
them, it caufed no change in their colour or Situation. At25 min. 
14. fec. paft 12 at night, the moft wefterly of thefe Stars was hid 
by the dark edge of the Moon; and in 30 feconds afterward, the moft 
eafterly Star was hid: each of them difappearing behind the Moon in 
an inftant, without any preceding diminution of magnitude or bright- 
nefs; which by no means could have been the cafe if there were an 
Atmofphere round the Moon; for then, one of the Stars falling obliquely 
into it before the other, ought by refraction to have fuftered fome change 
in its colour, or in it’s diftance from the other Star which was not yet 
entered into the Atmofphere. But no fuch alteration could be perceived 
though the obfervation was performed with the utmoft attention to that 
particular ; and was very proper to have made fuch a difcovery. The 
faint light, which has been feen all around the Moon, in total Eclipfes 
of the Sun, has been obferved, during the time of darknefS, to 

* Memoirs & Acad. @n. 1720. 
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have it’s center coincident with the center of the Sun; and is therefore 
much more likely to arife from the Atmofphere of the Sun than from 
that of the Moon; for if it were the latter, it’s center would have gone 
along with the Moon’s. 
59. If there were feas in the Moon, fhe could have no clouds, rains, Nor Seas. 
nor ftorms as we have; becaufe fhe has no fuch Atmofphere to fup- 
port the vapours which occafion them. And every one knows, that 
when the Moon is above our Horizon in the night time, fhe is vifible, 
unlefs the clouds of our Atmofphere hide her from our view; and all 
parts of her appear conftantly with the fame clear, ferene, and calm 
afpect. But thofe dark parts of the Moon, which were formerly thought She is fall of 
to be feas, are now found to be only vaft deep cavities, and places “vers and 
which reflect not the Sun’s light fo ftrongly as others, having many ae 
caverns and pits whofe fhadows fall within them, and are always dark 
on the fides next the Sun; which demonftrates their being hollow : 
and moft of thefe pits have little knobs like hillocks ftanding within 
them, and cafting fhadows alfo; which caufe thefe places to appear 
darker than others which have fewer, or lefs remarkabie caverns. All 
thefe appearances fhew that there are no feasin the Moon; for if there 
were any, their furfaces would appear {mooth and even, like thofe on 
the Earth. 
60. There being no Atmofphere about the Moon, the Heavens in The Stars al- 
the day time have the appearance of night to a Lunarian who turns his }2)svilble to 
° oon. 
back toward the Sun; and when he does, the Stars appear as bright 
to him as they do in the night to us. For, it is entirely owing to our 
Atmofphere that the Heavens are bright about us in the day. 
61. As the Earth turns round it’s Axis, the feveral continents, feas, 
and iflands appear to the Moon’s inhabitants like fo many {pots of dif- 
ferent forms and brightnefs, moving over it’s furface; but much fainter 
at fome times than others, as our clouds cover them or leave them. 
By thefe {pots the Lunarians can determine the time of the Earth’s The Earth a 
diyrnal motion, juft as we do the motion of the Sun: and_ perhaps ea the 
they meafure their time by the motion of the Earth’s {pots ; for they 
cannot have a truer dial. 
62. The Moon’s Axis is fo nearly perpendicular to the Ecliptic, that 
the Sun never removes fenfibly from her Equator: and the * obliquity 
of her Orbit, which is next to nothing as feen from the Sun, cannot 
caufe any fenfible declination of the Sun from her Equator. Yet her 


* The Moon’s Orbit croffes the Ecliptic in two oppofite points called the Moon’s 
Nodes; fo that one half of her Orbit is above the Ecliptic, and the other half below it. 
The Angle of it’s Obliquity is 51 degrges. : 
inhabitants 
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PLATE I. inhabitants aré not deftitute of means for determining the length of 
How the Lu-théir yeat, though their method and ours muft differ. For we cah 
Lnow the know the length of our year by the return of our Equinoxes; but the 
length of  Tynarians, having always equal day and night, muft have recourfe to 
their year. other method; and we may fuppofe, they meafure their year by 
obfetving the Poles of our Earth; as one always begins to be®en- 
lightened, and the other difappears, at our Equinoxes ; they being 
conveniently fituated for obferving great tracks of land about our Earth’s 
Poles, which are entirely unknown to us. Hence we may conclude, 
that the year is of the fame abfolute length both to the Earth and 
Moon, though very different as to the number of days: we having 
365% natural days, and the Lunarians only 12,75; every day and night 
in the Moon being as long as 294 on the Earth. 
And the lon- 63, The Moon’s inhabitants on the fide next the Earth may as eafily 
amie es find the longitude of their places as we can find the latitude of ours. 
For the Earth keeping conftantly, or very nearly fo, over one Meridian 
of the Moon, the eaft or weft diftances of places from that Meridian 
are as eafily found, as we can find our diftance from the Equator by 
the Altitude of our celeftial Poles. 


Mars. 64. The Planet Mars is next in order, being the firft above the 
Earth’s Orbit. His diftance from the Sun is computed to be 123 mil- 
lions of miles ; and by travelling at the rate of 47 thoufand miles every 

Fig. I. hour, as in the circle ¢&, he goes round the Sun in 687 of our days and 
17 hours; which is the length of his year, and contains 667: of his 
days ; every day and night together being 40 minutes longer than with 
us. His diameter is 4444 miles, and by his diurnal rotation the inha- 
“bitants about his Equator are carried 556 miles every hour. His 
quantity of light and heat is equal but to one half of ours; and the Sun 
appears but half as big to him as to us. 

65, This Planet being but a fifth part fo big as the Earth, if any 
Moon attends him, fhe muft be very {mall, and has not yet been dif- 
covered by our beft telefcopes. He is of a fiery red colour, and by 
his Appulfes to fome of the fixed Stars, feems to be furrounded by a 

His Atmo- very grofs Atmofphere. He appears fometimes gibbous, but never 
nai aa: horned; which both fhews that his Orbit includes the Earth’s within it, 
and that he fhines not by his own light. 

66. To Mars, our Earth and Moon appear like two Moons, ‘a bigger 
and a lefs; changing places with one another, and appearing fometimes 
horned, fometimes half or three quarters illuminated, but never full; 

nor at moft above a quarter of a degree from each other, although they 

are 240 thoufand miles afunder. 67. Our 
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67. Our Earth appears. almoft as big to Mars as Venus does to us, PLATE I. 


and at Mars it is never feen above 48 degrees fromthe Sun; fometimes 
it appears to pafs over the Dife of the Sun, and fo do Mercury and appear 
Venus: but Mercury can never be feen from Mars by fuch eyes as ours, Mars. 
unaffifted by proper inftruments; and Venus will be as feldom {een as 

we fee Mercury. Jupiter and Saturn are as vifible to Mars as to us. 

His Axis is perpendicular to the Ecliptic, and his Orbit 1s 2 degrees 
inclined to it, 


. How the 
other Planets 


to 


68. Juprrer, the biggeft of all the Planets, is Rill higher in the Jupiter. 


Syftem, being about 424 millions of miles from the Sun: and going 
at the rate of 25 thoufand miles every hour in his Orbit, as in the 


circle ¥, finithes his annual period in eleven of our years 314 daysfig. I. 


and 18 hours. He is above 1000 times as big as the Earth, for his 
diameter is 81,000 miles; which is more than ten times the diameter 


of the Earth. 


69. Jupiter turns round his Axis ing hours 56 minutes; fo that his The number 


year contains 10 thoufand 464 days; and the diurnal velocity of his 
equatoreal parts is greater than the fwiftnefs with which he moves in 
his annual Orbit; a fingular circumftance, as far as we know. By this 
prodigious quick Rotation, his equatoreal inhabitants are carried 25 
thoufand 920 miles every hour (which is 920 miles an hour more than 
an inhabitant of our Earth moves in twenty-four hours) befides the 
25 thoufand above-mentioned, which is common to all parts of his fur- 


face, by his annual motion. 


car. 


of days in his 


40. Jupiter is furrounded by faint fubftances, called Belés, in which His Belts and 


fo many changes appear, that they are generally thought to be clouds: Po 
for fome of them have been firft interrupted and broken, and then have 
vanifhed entirely. They have fometimes been obferved of different 
breadths, and afterwards have all become nearly of the fame breadth. 
Large fpots have been feen in thefe Belts; and when a Belt vanithes, 
the contiguous {pots difappear with it. The broken.ends of fome Belts 
have been generally obferved to revolve in the fame time with the {pots ; 
only thofe nearer the Equator in fomewhat lefs time than thofe near 
the Poles; perhaps on account of the Sun’s greater heat near the 
Equator, which is parallel to the Belts and courfe of the fpots. . Several 
large {pots, which appear round at one time, grow oblong by degrees, 
and then divide into two or three round fpots. The periodical time of 
the fpots near the Equator is 9 hours 50 minutes, but of thofe near.the 
Poles g hours 56 minutes.. See Dr. SMITHS Optics, § 1004 & Jeg. 
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He hasno 71. The Axis of Jupiter is fo nearly perpendicular to his Orbit, that 
change of he has no fenfible change of feafons; which is a great advantage, and 
mar wifely ordered by the Author of Nature. For, if the Axis of this 
Planet were inclined any confiderable number of degrees, juft fo many 
degrees round each Pole would in their turn be almoft fix of our years 
together in darknefs. And, as each degree of a great Circle on Jupiter 
contains 706 of our miles ata mean rate, it is eafy to judge what vaft 
tracts of land would be rendered uninhabitable by any confiderable in- 
clination of his Axis. 
But has four 72. The Sun appears but ~; part fo big to Jupiter as tous; and his 
Moons. light and heat are in the fame {mall proportion, but compenfated by 
the quick returns thereof, and by four Moons (fome bigger and fome 
lefs than our Earth) which revolve about him: fo that there is fcarce 
any part of this huge Planet but what is during the whole night en- 
lightened by one or more of thefe Moons, except his Poles, whence 
only the fartheft Moons can be feen, and where their light is not 
wanted, becaufe the Sun conftantly circulates in or near the Horizon, 
and is very probably kept in view of both Poles by the Refra@tion of 
Jupiter’s Atmofphere, which, if it be like ours, has certainly refractive 
power enough for that purpofe. 
Their periods 73- Lhe Orbits of thefe Moons are reprefented in the Scheme of” 
round Jupiter.the Solar Syftem by four fmall circles marked 1.2.3.4 on Jupiter's 
Orbit %; but are drawn fifty times too large in proportion to it. The 
firft Moon, or. that neareft to Jupiter, goes round him in 1 day 18 
hours and 36 minutes of our time; and is 229 thoufand miles diftant 
from his center: The fecond performs it’s revolution in three days 
13 hours and 15 minutes, at 364 thoufand miles diftance: The third 
in 7 days three hours and 59 minutes, at the diftance of 580 thoufand 
miles: And the fourth, or outermoft, in 16 days 18 hours and 30 
minutes, at the diftance of one million of miles from his center. 
Their grand The Periods of thefe Moons are fo incommenfurate to one another, 
oe faci that if ever they were all in a right line between Jupiter and the Sun, 
it will require more than 3,000,000,000,000 years from that time 
to bring them all into the fame right line again, as any one will find 
who reduces.all their periods into feconds, then multiplies them into one 
another, and divides the product by 432; which is the higheft number 
that will divide the product of all their periodical times, namely 
42,08 5,303,376,93 1,994;955,904 feconds, without a remainder. 
Parallax of 74. The Angles under which the Orbits of Jupiter’s Moons are feen 
eae from the Earth, at it’s mean diftance from Jupiter, are as follow:: 
from Jupiter, Lhe firft, 3‘ 55”; the fecond, 6’ 14”, the third, 9’ 58”; and the 
fourth, 
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fourth, 17’ 30%. And their diftances from Jupiter, meafured by hisPLATE I. 

femidiameters, are thus: ‘The firft, 52; the fecond, 9; the third, 

1424; and the fourth, 25:%*. This Planet, feen from it’s neareft How he ap- 

Moon, appears i000 times as large as our Moon does to us; waxing Pri" a 

and waneing in all her monthly fhapes, every 42+ hours. ieee 
7s. Jupiter's three neareft Moons fall into his fhadow, and are Two grand 

eclipfed in every Revolution: but the Orbit of the fourth Moon is fo difcoveries 

much inclined, that it paffeth by Jupiter, without falling into his taiste of 

fhadow, two years in every fix. By thefe Eclipfes, Aftronomers have Jupiter’s 

not only difcovered that the Sun’s light comes to us in eight minutes 5° °°" 

but have alfo determined the longitudes of places on this Earth with 

greater certainty and facility than by any other method yet known ; 

as fhall be explained in the eleventh Chapter. 

76. The difference between the Equatoreal and Polar diameters of The great dif- 
Jupiter is 6230 miles; for his equatoreal diameter is to Risspotaneas ay ‘rence Be- 
to 12. So that his Poles are 3115-miles nearer his center than his De aatoreat 
Equator is. This refults from his quick motion round his Axis; for and Polardia- 
the fluids, together with the light particles, which they can carry Be rapier a 
wath away with them, recede from the Poles which are at reft, towards 
the Equator where the motion is quickeft, until there be a fufficient 
‘number accumulated to make up the deficiency of gravity occafioned 
by the centrifugal force, which always arifes from a quick motion round 
an axis: and when the weight is made up fo, as that all parts of the 
furface prefs equally heavy toward the center, there isan equilibrium, and 
the equatoreal parts rife no higher. Our Earth being but a very fmall The gifte- 
Planet, compared to Jupiter, and it’s motion on it's Axis being much tence little in 
flower, it is lefs flattened of courfe; for the difference between it’s att oy 
equatoreal and polar diameters is only as 230 to 229, or 35 miles. 

77. Jupiter’s Orbit is 1 degree 20 minutes inclined to the Ecliptic. Place of his 
His North Node is in the 7th degree of Cancer, and his South Node Nodes. 


in the 7th degree of Capricorn. 


78. SaTuRN, the remoteft of all the Planets, is about 777 millions Saturn. 
of miles from the Sun; and, travelling at the rate of 18 thoufand miles 
every hour, as in the circle marked k, performs his annual circuit in Fig, I, 
29 years 167 days and 5 hours of our time; which makes only one 
year to that Planet. His diameter is 67,000 miles ; and therefore he is 
near 600 times as big as the Earth. 

79. He is furrounded by a thin broad Ring, as an artificial Globe is Fig. V. 
by its Horizon. ‘This Ring appears double when feen through a good His Ring. 

* Cassini Elements d’ Aftronamie, Liv, ix. Chap. 3- 


i telefcope, 
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PLATE 1. telefcope, and is réprefented by the figure in fuch an oblique view as it 
is generally feen. It 1s inclined 30 degrees to the Ecliptic, and ts 
about 21 thoufand miles in breadth ; which is equal to it’s diftance from 
Saturn on all fides. ‘There is reafon to believe that the Ring turns 
round it’s Axis, becaufe, when it 1s almoft edge-wife to us, it appears 
fomewhat thicker on one fide of the Planet than on the other; and 
the thickeft edge has been feen on different fides at different times. But 
Saturn having no vifible {pots on his .body, whereby to determine the 
time of his turning round his Axis, the length of his days and nights, 
and the pofition of his Axis, are unknown to us. 
85, To Saturn, the Sun appears only th part fo big as to us; 
and the light and heat he receives from the Sun are in the fame pro- 
Fis five portion to ours. But to compenfate for the {mall quantity of fun-light, 
Moons. he has five Moons, all going round him on the outfide of his Ring, 
and nearly in the fame plane with it. The firft, or neareft Moon to 
Saturn, goes round him in 1 day 21 hours 19 minutes; and is 140 
thoufand miles from his center: The fecond, in two days 17 hours 
40 minutes; at the diftance of 187 thoufand miles: The third, in 4 
days 12 hours 25 minutes; at 263 thoufand miles diftance: The fourth, 
in 1g days 22 hours 41 minutes; at the diftance of 600 thoufand 
miles: And the fifth, oroutermoft, at one million 800 thoufand miles 
from Saturn’s center, goes round him in 79 days 7 hours 48 minutes. 
Their Orbits in the Scheme of the Solar Syftem are reprefented by 
the five {mall circles, marked 1.2.3. 4. 5 on Saturn’s Orbit ; but thefe, 
like the Orbits of the other Satellites, are drawn fifty times too large 
in proportion to the Orbits of their Primary Planets. 

81, The Sun thines almoft fifteen of our years together on one fide 
of Saturn’s Ring without fetting, and as long on the other in it’s 
turn. So that the Ring is vifible to the inhabitants of that Planet for 
almoft fifteen of our years, and as long invifible by turns, if it’s 
His Axis pro- Axis has no Inclination to it’s Ring: but if the Axis of the Planet be 
co he Ring, inclined tothe Ring, fuppofe about 30 degrees, the Ring will appear 

and difappear once every natural day to all the inhabitants within 30 
degrees of the Equator, on both fides, frequently eclipfing the Sun in 
a Saturnian day. Moreover, if Saturn’s Axis be fo inclined to his 
Ring, it is perpendicular to his Orbit; and thereby the inconvenience 
of different feafons to that Planet is avoided. For confidering the 
length of Saturn’s year, which is almoft equal to thirty of ours, what 
a dreadful condition muft the inhabitants of his Polar regions be in, 
if they be half of that time deprived of the light and heat of the Sun? 
which muft not be their cafe alone, if the Axis of the Planet be per- 
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pendicular to the Ring, but alfo the Ring muft hide the Sun from vatt 
tracks of land on each fide of the Equator for 13 or 14 of our years 
together, on the fouth fide and north fide by turns, as the Axis in- 
clines to or from the Sun: .the reverfe of which inconvenience Is an- 
other good prefumptive proof of the Inclination of Saturn’s Axis to 
it’s Ring, and alfo of his Axis being perpendicular to his Orbit. 

82. This Ring, feen from Saturn, appears like a vatt luminous Arch How the Ring 
in the Heavens, as if it did not belong to the Planet. When we fee aan sl 
the Ring moft open, it’s {hadow upon the Planet is broadeft; and from i 
- that time the fhadow grows narrower, as the Ring appears to do to us; 
until, by Saturn’s annual motion, the Sun comes to the plane of the 
Ring, or even with it’s edge; which being then directed towards us, 
becomes invifible on account of it’s thinnefs; as fhall be explained more In what Signs. 
largely in the tenth Chapter, and illuftrated by a figure. iene caine AP 
difappears twice in every annual Revolution of Saturn, namely, when he his Ring ; and 
is in the 19th degree both of Pifces and of Virgo. And when Saturnia what Signs 
is in the middle between thefe’ points, or in the 19th degree GUE A ces toy 
Gemini or of Sagittarius, his Ring appears mott open to us ; and then us. 

‘it’s longeft diameter is to it’s fhorteft as g to 4. 

83. To fuch eyes as ours, unaflifted by inftruments, Jupiter is the No Planet but 
only Planet that can be feen from Saturn ; and Saturn the only Planet rn 
that can be feen from Jupiter. So that the inhabitants of thefe two piter; nor 
Planets muft either fee much farther than we do, or have equally good any from 1 
inftruments to carry their fight to remote objects, if they know that a ta ie 
there is fuch a body as our Earth in the Univerfe: for the Earth is no 
bigger feen from Jupiter than his Moons are feen from the Earth; and 
if his large body had not firft attracted our fight, and prompted our 
curiofity to view him with the telefcope, we fhould never have known 
any thing of his Moons ; unlefs by chance we had directed the telefcope 
toward that {mall part of the Heavens where they were at the time of 
obfervation. And the like is true of the Moons of Saturn. 

84. The Orbit of Saturn is 24 degrees inclined to the Ecliptic, orPlace of Sa- 
Orbit of our Earth, and interfects it in the 21{t degree of Cancer and.turn’s Nodes, 
of Capricorn; fo that Saturn’s Nodes are only 14 degrees from Jupi- 
ters, § 77. 

8c. The quantity of light, afforded by the Sun of Jupiter, being The Sun’s 
but ,th part, and to Saturn only ~;th part, of what we enjoy; may oan a 
at firft thought induce us to believe that thefe two Planets are entirely jupiter and 
unfit for rational beings to dwell upon. But, that their light is not fo PRE is 
weak as we imagine, is evident from their brightnefs in the night-Poeved. 


time; and alfo, that when the Sun is fo much eclipfed to us as to have 
only 
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) only the 4oth part of his Difc left uncovered by the Moon, the decreafe 
of light is not very fenfible: and juft at the'end of darknefs in Total 
Eclipfes, when his weftern limb begins to be vifible, and feems no 
bigger than a bit of fine filver wire, every one is furprifed at the bright- 
nes wherewith that fmall part of him fhines. The Moon when Full 
affords travellers light enough to keep them from miftaking their way ; 
and yet, according to Dr. SMITH *, it is equal to no more than a go 
thoufandth part of the light of the Sun: that is, the Sun’s light is go 
thoufand times as ftrong as the light of the Moon when Full. Con- 
fequently, the Sun gives a thoufand times as much light to Saturn as 
the Full Moon does to us; and above three thoufand times as much 
to Jupiter. So that thefe two Planets, even without any Moons, 
would be much more enlightened than we at firft imagine; and by 
having fo many, they may be very comfortable. places of refidence. 
Their heat, fo far as it depends on the force of the Sun’s rays, is cer- 
tainly much lefs than ours; to which no doubt the bodies of their 
inhabitants are as well adapted as ours are to the feafons we enjoy. 
And if we confider, that Jupiter never has any winter, even at his 
Poles; which probably is alfo the cafe with Saturn, the cold cannot 
All our heat be fo intenfe on thefe two Planets as is generally imagined. Befides, 
Ser os there may be fomething in their nature or foil much warmer than in 
rays. that of our Earth: and we find that all our heat depends not on the 
rays of the Sun ; for if it did, we fhould always have the fame months 
equally hot or cold at their annual returns. But it is far otherwife; for 
February is fometimes warmer than May; which muft be owing to 

vapours and exhalations from the Earth. 


86. Every perfon who looks upon, and compares the Syftems of 

Moons together, which belong to Jupiter and Saturn, muft be amazed 

at the vaft magnitude of thefe two Planets. and the noble attendance 

they have in refpect of our little Earth : and can never bring himfelf to 

think, that an infinitely wife Creator fhould difpofe of all his animals 

and vegetables here, leaving the other Planets bare and deftitute of 

It is highly rational creatures. To fuppofe that he had any view to our Benefit, 
Pithe Pla. 2 creating thefe Moons and giving them their motions round Jupiter 
nets are inha-and Saturn; to imagine that he intended thefe vaft Bodies for any ad- 
bited, vantage to us, when he well knew that they could never be feen but 
by a few Aftronomers peeping through telefcopes ; and that he gave to 

the Planets regular returns of days and nights, and different feafons to 

all where they would be convenient; but of no manner of fervice to us, 

* Optics, Art.-95. 
except 
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except only what immediately regards our own Planet the Earth; toPLATE I. 


imagine, bday; that he did all thisen our account, would be charging 
him impioufly with having done much in vain: and as abfurd, as to 
imagine that he has created a little Sun and a Planetary Syftem within 
the fhell of our Earth, and intended them for our ufe. Thefe con- 
fiderations amount to little lefs than a pofitive proof that all the Planets 
are inhabited: for if they are not, why all this care in fur ufhing them 
with fo many Moons, to fupply thofe with light which are at the greater 
diftances from the Sun? Do we not fee. that the farther a Planet is 
from the Sun, the greater Apparatus it has for that purpofe? fave only 
Mars, which being but a {mall Planet, may have Moons too fmall to be 
feen by us. We know that the Earth goes round the Sun, and turns 
round it’sown Axis, to produce the viciflitudes of fummer and winter by 
the former, and of day and night by the latter motion, for the benefit 
of its inhabitants. May we not then fairly conclude, by parity of reafon, 
that the end and defign of all the other Planets is the fame? and is not 
this agreeable to that beautiful harmony which reigns over the Uni- 
verfe? Surely it is: and raifes in us the moft magnificent ideas of the 
SUPREME BEING, whois every where, and at all times prefent; 
difplaying his power, wifdom, and goodnefs among al] his creatures ! 
and diftributing happinefs to innumerable ranks of various beings! 




















87. In Fig. 2d, we have a view of the proportional breadth of the Fig. I1. 
Sun’s face or difc, as feen from the different Planets.. "The Sun is How the Sun 


reprefented N° 1, as feen from Mercury;. N° 2, as feenifrom Venus ; 






appears to the 
? different 


N? 3, as. feen from the Earth; N° 4, as feen from Mars; N° 5, aS Planets 


feen from Jupiter; and N° 6, as feen from Saturn. 
Let the circle B be the Sun as feen from any Planet, at a given Fig. 
diftance; toanother Planet, at double that diftance, the Sun will appear 
jutt.of half that breadth, as 4; which contains only one fourth part 
of the area or furface of B.» For, all circles, as well as {quare furfaces, 
are to one another as the {quares of their diameters. Thus, the fquare Fig. 
Ai is jut half as broad as the fquare B; and yet it is plain to fight, that 
B contains four times as much: furface as_4. Hence, in round numbers, 
the Sun appears 7 times larger to Mercury than to us, 90. times larger 
to us than to Saturn, and 630 times as large to Mercury as to Saturn. 
88. In Fig, sth, we have a view of the bulks of the Planets in pro- Tig. 
portion to each other, and to a fuppofed globe of two foot diameter for 













the Sun. The Earth is 27 times as: big. as Mercury, very little bigger ?roportional 


than Venus, ¢ times as bio as Mars; but Jupiter is-1040 times as big ®: 
ro) 2 E 7 (jo) 


bulks and 





diftances of 


as the Earth, Saturn 586 times as big, exclufive of his Ring; and the the Planets, 


E Sun 
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PLATE! Sun is 877 thoufand 650 times as big as the Earth. If the Planets in 
this Figure were fet at their due diftances from a Sun of two feet diameter, 
‘ according to their proportional bulks, as in our Syftem, Mercury would 
be 28 yards from the Sun’s center; Venus 51 yards 1 foot; the Earth 
7o yards 2 feet; Mars 107 yards 2 feet; Jupiter 370 yards 2 feet ; 
and Saturn 760 yards two feet. The Comet of the year 1680, at it’s 
greateft diftance, 10 thoufand 760 yards. In this proportion, the 
Moon’s diftance from the center of the Earth would be only 7+ inches. 
An idea of 89. To aflift the imagination in conceiving an idea of the vaft diftances 
their di* of the Sun, Planets, and Stars, let us fuppofe, that a body projected 
ea from the Sun fhould continue to fly with the fwiftnefs of a cannon ball; 
i. e. 480 miles every hour; this body would reach the Orbit of Mer- 
cury, in 7 years 221 days; of Venus, in 14 years 8 days; of the 
Earth, in 1g years 91 days; of Mars, in 29 years 85 days; of Jupiter, 
in 100 years 280 days; of Saturn, in 184 years 240 days; to the 
Comet of 1680, at it’s greateft diftance from the Sun, in 2660 years ; 
and to the neareft fixed Stars in about 7 million 600 thoufand years. 
go. As the Earth is not the center of the Orbits in which the Planets 
move, they come nearer to it and go farther from it and at different 
Why the Pla-times; on which account they appear bigger and lefs by turns. Hence, 
bigger and the apparent magnitudes of the Planets are not always a certain rule to 
lefs at dif know them by. 
ferent times, 91, Under Fig. 3, are the names and charaers of the twelve Signs 
of the Zodiac, which the Reader fhould be perfectly well acquainted 
with ; fo as to know the characters without feeing the names.~ Every 
Fig. 4. Sign contains 30 degrees, as in the Circle bounding the Solar Syftem ; 
to which the characters of the Signs are fet in their proper places. 


The Comets. 92. The Comers are folid opaque bodies, with long tranfparent. 
trains or tails, iffuing from that fide which is turned away from the Sun. 
They move about the Sun, in very excentric ellipfes; andareof a much 
greater denfity than the Earth ; for fome of them are heated in every 
Period to fuch a degree, as would vitrify or diffipate any fubftance 
known to us. Sir Isaac NewrTon computed the heat of the Comet 
which appeared.in the year 1680, when neareft the Sun, to be 2c00 
times hotter than red-hot iron, and that being thus heated, it mutt 
retain it’s heat untill it comes round again, although it’s.Period fhould 
be more than twenty thoufand years; and it is computed to be only 575. 
The method of computing the heat of bodies, keeping at any known 
diftance from the Sun, fo far as their heat depends on the force of the 
Sun's rays, is very eafy; and fhall be explained in the eighth Chapter.. 
1 93. Part 
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93. Part of the Paths of three Comets are delineated in the Scheme PLATE I. 
of the Solar Syftem, and the years marked in which they made their Fig. 1. 
appearance. It is believed, that there are at leaft 21 Comets belonging They prove 
to our Syftem, moving in all forts of directions: and all thofe which eee 
have been obferved, have moved through the ethereal Regions and Planets are 
the Orbits of the Planets without fuffering the leaft fenfible refiftance™™ folid. 
in their motions; which plainly proves that the Planets do not move in 
folid Orbs. Of all the Comets, the Periods of the above-mentioned 
three only are known with any degree of certainty. The firft of thefe 
Comets appeared in the years 1531, 1607, and 1682; and is ex-The Periods 
pected to appear again in the year 1758, and every 75th year after- oe os 
wards. ‘The fecond of them appeared in 1532 and 166:, and may be 
expected to return in 1789 and every 129th year afterwards. The 
third, having laft appeared in 1680, and it’s Period being no lefs than 
575 years, cannot return until the year 2225. ‘This Comet, at it’s 
greateft diftance, is about 11 thoufand two hundred millions of miles 
from the Sun; and at it’s leaft diftance from the Sun’s center, which 
is 490,000 miles, is within lefs than a third part of the Sun’s femi- 
diameter from his furface. In that part of it’s Orbit which is neareft 
the Sun, it flies with the amazing {wiftnefs of 880,000 miles in an 
hour; and the Sun, as feen from it, appears an hundred degrees in 
breadth ; confequently, 40 thoufand times as large as he appears to us. 

The aftonifhing length that this Comet runs out into empty Space, They prove 
é : ‘ the Stars to 

fuggefts to our minds an idea of the vaft diftance between the Sun and pe at immenfe 

the neareft fixed Stars; of whofe Attractions all the Comets muft keep diftances. 

clear, to return periodically, and go round the Sun; and it fhews us 

alfo, that the neareft Stars, which are probably thofe that feem the 

largeft, are as big as our Sun, and of the fame nature with him ; other- 

wife, they could not appear fo large and bright to us as they do at fuch 

an immenfe diftance. 

94. The extreme heat, the denfe atmofphere, the grofs vapours, Inferences 
the chaotic ftate of the Comets, feem at firft fight to indicate them ioe 
altogether unfit for the purpofes of animal life, anda moft miferable phenomen®. 
habitation for rational beings: and therefore * fome are of opinion that 
they are fo many hells for tormenting the damned with perpetual vicif- 
fitudes of heat and cold. But, when we confider, on the other hand, 
the infinite power and goodnefs of the Deity ; the latter inclining, and 
the former enabling him to make creatures fuited to all {tates and cir- 
cumftances ; that matter exifts only for the fake of intelligence; and 


that wherever we find it, we always find it pregnant with life, or- 


+ 
= 


* Mr. WuisToN, in his Aftronomical Principles of Religion. 
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This Syftem 
very ancient, 
and demon- 


ftrable. 
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neceflatily fubfervient thereto ; the numberlefs {pecies, the aftonithing 
diverfity of animals in earth, air, water, and even on other animals ; 
every blade of grafs, every tender leaf. every natural finid, fwarming 
with life; and every one of thefe enjoying fuch gratifications as the 
nature and ftate of each requires: when we reflect moreover that fome 
centuries ago, till experience undeceived us, agreat part of the Earth 
was judged uninhabitable; the Torrid Zone by reafon of exceffive 
heat, and the two Frigtd Zones becaufe of their intollerable cold; 
it feems highly probable, that {uch numerousand large maffes of durable 
matter as the Comets are, however unlike they be to our Earth, are 
not deftitute of beings capable of contemplating with wonder; and 
acknowledging with gratitude the wifdom, dymmetry, and beauty of 
the Creation; which is more plainly to be obferved in their éxtenfive 
Tour through the Heavens, than in our more confined: Circuit. \ If 
farther conjecture is permitted, may we not fuppofe them inftrumental 
in recruiting the expended fuel of the Sun ; and fupplying the exhaufted 
moifture of the Planets? However difficult it may be, circumftanced 
as we are, to find out their particular deftination, this isan undoubted 


truth, that wherever the Deity exerts: his power, ‘there the allo 


manifefts his wifdom and goodneis. 


95. THE SOLAR SYSTEM here: deferibed is: not a date 
invention ; for it was known and taught by the wife Samian\philofopher 
PyTHaGoras, and others among the ancients; but im latter times 
was loft, “tll the 15th century, when it was again reftored by the 
famous Polifh philofopher NrcHoraus Copernicus, who was born 
at Thorn in the year 1473. In this, he was followed by the greateft 
mathematicians and philofophers that have fince lived; as KePprer} 
Gariteo, Derscartres, Gassenpus, and Sir Isaac NewTrons 
the laft of whom has eftablifhed this Syftem on fuch an everlafting 
foundation of mathematical and phyfical demonftration, as can never 
be fhaken: and none who underftand him can hefitate about it: 

96. In the Prolemean Sy/tem the Earth was fuppofed to be fixed ‘in 
the Center of the Univerfe; and thatthe Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, and Saturn moved round the Earth: above 
the Planets, this: Hypothefis placed the Firmament of Stars, and then 
the two Cryftalline Spheres; all which were included in and received 
motion from the Primum Mobile, which conftantly revolved about 
the Earth in 24 hours, from Eaft to Weft. But as this rude Scheme 
was found incapable to ftand the teft of art and obfervation, it was foon 


rejected by all true philofophers ; notwithftanding the oppofition and 
violence of blind and zealous bigots. 97. The 
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97. The Tychonic Sytem facceeded the Prolemean, but was never {fo The Tycho- 
generally received. In this the Earth was fuppofed to ftand ftill-in ie oe 
Center of the Univerfe or Firmament of Stars, and the Sun to revolvetnd Lar 
about it every 24 hours; the Planets, Mercury, Venus, Mars, Jupiter, fate. 
and Saturn, going round the Sun in the times already mentioned. But 
fome of Tycuo’s difciples fuppofed the Earth to have a diurnal motion 
round it’s Axis, ahd the Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the Sun in the forefaid 
times.’ This hypothefis, being partly true and partly falfe, was em- 
braced by few; and foon gave way to the only true and rational Syftem, 
reftored by Copernicus and demonftrated by Sir Isaac Newton. 

98. To bring the foregoing particulars at once in view, with feveral 
others which follow, concerning the Periods, Diftances, Bulks, &c. 
of the Planets, the following Table 1s inferted. : 


A TABLE 
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CHAP. _III. 
The COPERNICAN SYSTEM demonftrated to be true. 








99. M43, TER is of itfelf inactive, and indifferent to motion or Ofmatter and’ 
reft. A body at reft can never put itfelf in motion; a body™°to™ 


in motion can never ftop nor move flower of itfelf. Hence, when we 
fee a body in motion we conclude fome. other fubftance muft have 
given it that motion; when we fee a body fall from motion to reft we 
conclude fome other body or caufe {topt it. 

100. All motion is naturally rectilineal. A bullet thrown by the 
hand, or difcharged from a cannon would continue to move in the 
fame direction it received at firft, if no other power diverted its courte. 
Therefore, when we fee a body moving in a curve of whatever kind, 
we conclude it muft be acted upon by two powers at leaft: one to put 
it in motion, and another drawing it off from the rectilineal courfe 
which it would otherwife have continued to move in. 
















101. The power by which bodies fall towards the Earth js called Gravity de- 


Gravity or Attraétion. By this power in the Earth it is, that all bodies, 
on whatever fide, fall in lines perpendicular to it’s furface. On oppo- 
fite parts of the Earth bodies fall in oppofite directions, all towards the 
centre where the force of gravity is at it were accumulated. By this 
power conftantly acting on bodies near the Earth they are kept from 
leaving it altogether; and thofe on its furface are kept thereto on all 
fides, fo that they cannot fall from it. Bodies thrown with any obli- 
quity are drawn by this power from a ftraight line into a curve, until 
they fall to the Ground: the greater the force by which they are 
thrown, the greater is the diftance they are carried before they fall. 
If we fuppofe a body carried feveral miles above the Earth, and there 
projected in an horizontal direction, with fo great a velocity that it 
would move more than a femidiameter of the Earth, in the time it 
would take to fall to the Earth by gravity; in that cafe, if there were: 
no refifting medium in the way, the body would not fall to the Earth: 
at all; but continue to circulate round the Earth, keeping always the 
fame path, and returning to the point from. whence it was projected,, 
with the fame velocity as at firft. 























102. We find the Moon moves round the Earth in an Orbit nearly Pro‘eaiite 
circular. The Moon therefore muft be ated on by two powers or force demony- 


forces; one which would caufe her to move in a right line, another 


bending: 








ftrable, 








each other. 


Gravitation 


exemplified 


The Sun and 
Planetsattract 


and projection 
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bending her motion from that line into a curve. This attractive power 
mutt be feated in the Earth; for there is no other body within the 
Moon’s Orbit to draw her. ‘The attractive power of the Earth there- 
fore extends to the Moon; and, in combination with her projectile force, 
caufes her to move round the Earth in the fame manner as the cireu- 
lating body above fuppoted. | 

103. The Moons of Jupiter and Saturn are obferved to move round 
their primary Planets: therefore there is fuch a power as gravity in 
thefe Planets. All the Planets move round the Sun, and refpect it for 
their centre of motion: therefore the Sun muft be endowed with at- 
tracting force, as well as the Earth and Planets. ‘bhe like may be 
proved of the Comets. So that all the bodies or matter in the Solar 
Syftem are pofleffed of this power ; and perhaps {fo is all matter what- 
foever. 

104. As the Sun attracts the Planets with their Satellites, and the 
Earth the Moon, fo the Planets and Satellites re-attraét the Sun, and 
the Moon the Earth: action and re-action being always equal. ‘This 
is alfo confirmed by obfervation ; for the Moon raifes tides in the ocean, 
the Satellites and Planets difturb one another’s motions. 

10s. Every particle of matter being poffefled of an attraGting power, 
the effet of the whole muft be in proportion to the number of attraét- 
ing particles: that 1s, to the quantity of matter in the body. This is 
demonttrated from experiments on pendulums: for, if they are of equal 
lengths, whatever their weights be, they always vibrate in equal times. 
Now, if one be double the weight of another, the force of gravity 
or attraction mutt be double to make it ofcillate with the fame celerity : 
if one is thrice the weight or quantity of matter of another, it requires 
thrice the force of gravity to make it move with the fame celerity. 
Hence it is certain, that the power of gravity is always proportional to 
the quantity of matter in bodies, whatever their bulks or figures are. 

106. Gravity alfo, like all other virtues or emanations iffuing from a 
centre, decreafes as the fquare of the diftance increafes: that is, a 
body at twice the diftance attracts another with only a fourth part of 
the force ; at four times the diftance, with a fixteenth part of the force. 
This too is confirmed from obfervation, by comparing the diftance 
which the Moon falls in a minute from a right line touching her Orbit, 
with the fpace which bodies near the Earth fall in the fame time: 
and alfo by comparing the forces. which retain Jupiter’s Moons in 
their Orbits. ‘This will be more fully explained in the feventh Chapter. 

107. The mutual attraétion of bodies may be exemplified by a 
boat and a {hip on the. Water, tied by a rope. Let a man either in 


Sy fhip 





























































The Copermcan Syftem demonftrated io be true. 


fhip or boat pull the rope (it is the fame in effet at which end he 
pulls, for the rope will be equally ftretched throughout,) the thip and 
boat will be drawn towards one another; but with this difference, 
that the boat will. move as much fafter than the fhip as the fhip is 
heavier than the boat. Suppofe the boat as heavy as the fhip, and 
they will draw one another equally (fetting afide the greater refiftance 
of the Water on the bigger body) and meet in the middle of the frit 
diftance between them. | If the fhip is a thoufand or ten thoufand times 
heavier than the boat, the boat will be drawn a thoufand or ten thoufan 
times fafter than the {hip ; and meet proportionably nearer the place from 
which the fhip fet out. Now, whilft one man pulls the rope, endea- 
vouring to bring the fhip and boat together, let another man, in the 
boat, endeavour to row her off fidewife, or at tight Angles to the rope; 
and the former, inftead of being able to draw the boat to the fhip, will 
find it enough for him to keep the boat from going further off; whilft 
the latter, endeavouring to row off the boat ina {traight line, will, by 
means of the other’s pulling it towards the fhip, row the boat round 
the fhip at the rope’s length from her. Here, the power employed 
to draw the fhip and boat to one another reprefents the mutual at- 
traction of the Sun and Planets, by which the Planets would fall freely 
towards the Sun with a quick motion ; and would alfo in falling attract 
the Sun towards them. And the power employed to row off the boat 
reprefents the projectile force imprefled on the Planets at right Angles, 
or nearly fo, to the Sun’s attraction; by which means the Planets move 
round the Sun, and are kept from falling to it. On the other hand, 
if it be attempted to make a heavy fhip go round a light boat, they 
will meet fooner than the fhip can get round; or the fhip will drag the 
boat after it. 


fu. 


108. Let the above principles be applied to the Sun and Earth; and 
they will evince, beyond a poffibility of doubt, that the Sun, not the 
Earth, is the center of the Syftem; and that the Earth moves round 
the Sun as the other Planets do. 

For, if the Sun moves about the Earth, the Earth’s attractive power 
muft draw the Sun towards it from the line of projection fo, as to bend 
it's motion into a curve ;. and the Earth being at leaft 169 thoufand 
times lighter than the Sun, by being fo much lefS as to it’s quantity 
of matter, muft move 16g thoufand times fafter toward the Sun 
than the Sun does toward the Earth; and confequently would fall-to 
the Sun in a fhort time if it had not a very ftrong projectile motion 
to carry it off. The Earth therefore, as well as every other Planet in 
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' The abfurdit ythe Syftem, mut have a rectilineal impulfe to prevent its falling into 
f aD) > the Sun. To fay, that gravitation retains all the other Planets in their 
) he Eo 55 oe fee without affecting the Earth 1, whichis placed between the Orbits 
Mars anc Means is as abfurd as to fuppofe that fix cannon bullets 
rite) be projectec upw ards to different heights in the Air, and that 
five of them eat fall down to the. gro bands but the fixth, which 
is neither the higheft nor the loweft, thould remain fufpended in 

the Air without falling; and the Earth move round about it. 
tog. There is no ‘fuch thing in nature as a heavy body moving 
round a light one as its centre of motion. A pebble fattened to a mill- 
{tone by a ’ ftring, may by an eafy impulfe be made to circulate round 
the mill-ftone: but no impulfe can make a mill-ftone circulate round 
a loofe pebble, for the heavieft would undoubtedly carry the lighteft 

along with it wherever it goes. 

Io. The Sun is fo immenfely bigger and heavier than the Earth*, 
that if he was moved out of his place, not only the Earth, but all 
the Bik Planets if they were united into one mafs, would be carried 

are ale the Sun as the pebble would be with the mill-ftone. 
By confidering the law of gravitation, which takes place through- 
or ‘he Solar Syftem, in another light, it will be evident that the Earth 
The harmony moves round the Sun in a year; and not the Sun round the Earth. It 
ae. ettialhhas been fhewn (§ 106) that the power of gravity decreafes as the 
fquare of the diftance increafes: and from this it follows with mathe- 
matical certainty, that when two or more bodies move round another 
as their centre of motion, the fquares of their periodic times will be 
to one another in the fame proportion as the cubes of their diftances 
from the central'body. This holds precifely with regard to the Planets 
round the Sun, and the Satellites round the Planets ; the’ relative di- 
{tances of all which, are well known. But, if we ‘fappofe the Sun 
to ste round the Earth, and compare its period with the Moon’s 
by the above rule, it will be found that the Sun would take no lefs 
than 173) 510 days to move round the Earth, in which cafe our year 
would be 475 times as long as it now is. To this we may add, that 
the afpects of increafe and decreafe of the Planets, the times of their 
feeming to fland ftill, and to move direct and retrograde, anfwer pre- 
cifely to the Earth’s motion; but not at all to°the Sun’s without intro- 
ducing the moft abfurd and nencwas fuppofitions, which would de- 
{troy all harmony, order, and fimplicity in the Syftem. Moreover, if 
the Earth is fuppofed to ftand ftill, and the Stars to revolve in free 
fpaces about the Earth in 24 hours, it is certain that the forces by 

* As will be demonftrated in the ninth Chapter. 
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which the Stars revolve in their, Orbits are not directed. to, the Earth, The abfar- 








but to the centres of the feveral Orbits: that is, of the feveral parallel a teen 
Circles which the Stars on, different fides of the Equator defcribe every kare 

day: and the like inferences may be drawn from the fuppofed diurnal Plancts to 
motion of the Planets, fince they are never in the EquinoGtial butte han. 


twice, in their courfes with regard to the flarry Heavens. But, that 
forces fhould be directed to.no central body, on which they phyfically 
depend, but to innumerable imaginary points in the axe of the Earth 
produced to the Poles of the Heavens, is an hypothefis too abfurd to be 
allowed of by any rational creature, .And it is {till more abfurd to 
imagine that thefe forces fhould increafe,exactly in proportion to the di- 
{tances from this axe; for this.is an indication of an increafe to infinity : 
whereas the force of attraction is found to. decreafe in receding from the 
fountain from whence it flows. . But, the farther that any Star is from 
the quiefcent Pole the greater muft be the Orbit which it defcribes ; and 
yet it appears to go, round in the fame time as the neareft Star to the 
Pole does. And if we take into confideration the two-fold. motion ob- 
ferved in the Stars, one diurnal round the Axis of the Earth in 24 hours, 
and the other round the Axis of the Ecliptic in 25920 years § 251, it 
would require an explication of fuch a perplexed compofition of forces, 
as could by no means be reconciled with any phyfical. Theory. 


112. There is but one objection of any weight that can be made to Objeations 

the Earth’s motion round the Sun; which is, that in oppofite points oo ad 
of the Earth’s Orbit, it’s Axis which always keeps a parallel direction tionanfwered. 
would point to different fixed Stars; which is not found to be fact. 
But this objection is eafily removed by confidering the immenfe diftance 
of the Stars in refpect of the diameter of the Earth’s Orbit ; the latter be- 
ing no more'than a point when compared tothe former. If we lay a ruler 
on the fide of a table, and along the edge of the ruler view the top ofa 
{pire at ten miles diftance; then lay the ruler on the oppofite fide of the 
table in a parallel fituation to what it had before, and the {pire will ftill 
appear along the edge of the ruler ; becaufe our eyes, even when affifted by 
the beft infiruments are incapable of diftinguifhing fo {mall’a change. 

113. Dr. BRapLry, our prefent Aftronomer Royal, has found by 
along feries of the moft, accurate obfervations, that there is a {mall 
apparent motion of the fixed Stars, occafioned by the aberration of their 
light, and fo exactly anfwering to an annual motion of the Earth, as 
evinces the fame, even to a mathematical demonftration. ‘Thofe who 
are qualified to read the Doétor’s modeft Account of this great difcovery 
may confult the Phz/ofophical Wh spe N° 406. Or they may find 
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it treated of at large by Drs. Smitu*, Lone +, Desacuriersf, 
RuTHeRFuRTH ||, Mr Macraurin §, and M. pg ra Cartrr ¥*. 


Why the Sun 114. It is true that:the Sun feems to change his place daily, fo as to 


make a tour round the ftarry Heavens in a year. But whether the 
Earth or Sun moves, this appearance will be the fame ; for, when the 
Earth is in any part of the Heavens, the Sun will appear in the oppofite. 
And therefore, this appearance can be no objection againit the motion 
of the Earth. 

115. It is well known to every perfon who has failed on {mooth 
Water, or been carried by a ftream in a calm, that however faft the 
vefiel goes he does not feel its progrefhve motion. The motion of 
the Earth is incomparably more fmooth and uniform than that of a 
fhip, or any machine made and moved by human art: and therefore 
it is not to be imagined that we can feel it’s motion. 


116. We find that the Sun; and thofe Planets on which there are 
vifible fpots, turn round their Axes: for the {pots move regularly over 
their Difks -y. From hence we may reafonably conclude that the 
other Planets on which we fee no {pots, and the Earth which is like- 
wife a Planet, have fuch rotations. But being incapable of leaving the 
Earth, and viewing it at a diftance; and it’s rotation being fmooth and 
uniform, we can neither fee it move on it’s Axis as we do the Planets, 
nor feel ourfelves affected by it’s motion. ‘Yet there is one effect of 
fuch a motion which will enable us to judge with certainty whether 
the Earth revolves on it’s Axis or not. All Globes which donot turn 
round their Axes will be perfect fpheres, on account of the equality of 
the weight of bodies on their furfaces ; efpecially of the fluid parts. But 
all Globes which turn on their Axes will be oblate {pheroids ; that is, 
their furfaces will be higher, or farther fromy’ the centre, in the equa- 
toreal than in the polar Regions: for, as the equatoreal parts move 
quickeft, they will recede farther from the Axis of motion, and enlarge 
the equatoreal diameter, That our Earth is really of this figure is 
demontftrable from the unequal vibrations of a pendulum, and the 
unequal lengths of degrees in different latitudes. Since then, the 
“arth is higher atthe Equator than at the Poles, the fe 
runs downward, or towards the places which are n 
would run towards the polar Regions, 
dry, if the centrifugal force of thefe pa 


a, Which naturally 
eareft the centre, 
and leave the equatoreal parts 
rts did not raife and carry the 


* Optics, B. I. §:1178. +t Aftronomy, B. II. §. 838. t Philofophy, 
Vor te Dp. 2O, | Account of Sir Hacc Newton’s Philofophical Difcoveries, B. Tf. 
€.2. § 3. ** Elements da’ Ajtronomie, § 381. 
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e face of the Sun, Moon, or any Planet, as it appears to the eye, is called it’s Difc, 
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The Copernican Syftem demonfirated to be true. 


waters thither. The Earth’s equatoreal diameter is 35 miles longer 
than its Axis. 

117. Bodies near the Poles are heavier than thofe towards the All bodies 

Equator, becaufe they are nearer the Earth’s centre, where the peline net the 
force of the Earth’s attraction is accumulated. They are alfo heavier they would 
becaufe their centrifugal force is lefs on account of their diurnal motion = _ 
being flower. For both thefe reafons, bodies carried from the Poles gee 
toward the Equator, gradually lofe of their weight. Experiments prove 
that a pendulum, which vibrates feconds near the Poles vibrates flower 
near the Equator, which fhews that it is lighter or lefs attracted there. 
To make it ofcillate in the fame time, ’tis found neceflary to diminifh 
it's length. By comparing the different lengths of pendulums {wing- 
ing feconds at the Equator and at London, it is found that a pendulum 
muft be 2,162 lines fhorter at the Equator than at the Poles. A line 
is a twelfth part of an inch. 

118, Ifthe Earth turned round it’s Axis in 84 minutes 43 feconds, How they 
the centrifugal force would be equal to the power of gravity at se beeen all 

c : L 2 ; P reir Weicht. 
Equator; and all bodies there would entirely lote their weight. If 5 
the Earth revolved quicker they would all fly off,. and leave it. 

119. One on the Earth can no more be fenfible of it’s undifturbed The Earth’s 
motion on it’s Axis, than one in the cabin of a thip on fmooth Water so. ci, 
can be fenfible of her motion when fhe turns gently and uniformly 
round. It is therefore no argument againft the Earth’s diurnal motion 
that we do not feel it: nor is the apparent revolutions of the celeftial 
bodies every day a proof of the reality of thefe motions; for whether 
we or they revolve, the appearance is the very fame. A perfon look- 
ing through the cabin windows of a fhip as ftrongly fancies the objects 
on land to go round when the fhip turns, as if they were actually in 


motion. 


120. If we could tranflate ourfelves from Planet to Planet, we fhould 
ftill find that the Stars would appear of the fame magnitudes, and at 
the fame diftances from each other, as they do to us here; becaufe 
the width of the remoteft Planet’s Orbit bears no fenfible proportion 
to the diftance of the Stars. But then, the Heavens would feem to To the dif 
revolve about very different Axes ; and confequently, thofe quiefcent ferent Planets 
Points which are our Poles in the Heavens would feem to revolve appear to turn 
about other points, which, though apparently in motion to us on Earth sek hiner 
would be at reft as feen from any other Planet. Thus, the Axis bs Ne hes 
Venus, which lies almoft at right Angles to the Axis of the Earth, 
would have it’s motionlefs Poles in two oppofite points of the Heavens 
lying 
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Objections 


againft the 
Earth's diur- 
nal motion 
anfwered. 





Objections anfwered. 


lying almoft in our Equinoétial, where the motion appears quickeft 
becaufe it is performed in the greateft Circle. And the very Poles, 
are at reft to us, have the quickeft motion of all as feen from 
Venus. To Mars and Jupiter the Heavens appear to turn round with 


a 
i 
ad 
5 


very different velocities on the the fame Axis, whofe Poles are about 
234 degrees from ours. Were we on Jupiter we fhould be at firft amazed 


at the rapid motion of the Heavens ; the Sun and Stars going round in 
g hours 56 minutes. Could we go from thence to Venus we fhould 
be as much furprifed at the flownefs of the heavenly motions: the 
Sun going but once round in 584 hours, and the Stars in 540. And 
could we go from Venus to the Moon we fhould fee the Heayens turn 
round with a yet flower motion; the Sun in 708 hours, the Stars in 

55. As it is impoffible thefe various circumvolutions in fuch different 
times and on fuch different Axes can be real, fo it is unreafonable to 
fuppofe the Heavens to revolve about our Earth more than it does 
about any other Planet. When we reflect on the vaft diftance of the 
fixed Stars, to which 162,000,000 of miles is but a point, we are 
filled with amazement at the immenfity of their diftance. But if we 
try to frame an idea of the extreme rapidity with which the Stars mutt 
move, if they move round the Earth in 24 hours, the thought becomes 
fo much too big for our imagination, that we can no more conceive it 
than we do infinity or eternity. If the Sun was to go round the Earth 
in a day, he muft travel upwards of 300,000 miles in a minute: but 
the Stars being at leaft 10,000 times as far as the Sun from us, thofe 
about the Equator muft move 10,000 times as quick. And all this 
to ferve no other purpofe than what can be as fully and much more 
fimply obtained by the Earth’s turning round eaftward as on an Axis, 
every 24 hours, caufing thereby an apparent diurnal motion of the Sun 
weitward, and bringing about the alternate returns of day and night, 


121. As to the common objections againft the Earth’s motion on. 
it's Axis, they are all eafily anfwered and fet afide. That it may turn 
without being feen or felt to do fo, has been already fhewn, § 119. 
But fome are apt to imagine that if the Earth turns eaftward (as it 
certainly does if it turns at all) a ball fired perpendicularly upward in 
the air muft fall confiderably weftward of the place it was projected 
from. This objeftion, which at firft feems to have fome weight, will 
be found to have none at all when we confider that the gun and ball 
partake of the Earth’s motion; and therefore the ball being carried for- 
ward with the air as quick as the Earth and air turn, mutt fall down again 
gn the fame place. A ftone let fall from the top of a main-maift, if it 
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ObjeEtions anfwered.. 


meets with no obftacle, falls on the deck as near the foot of the maft 
when the fhip fails as when it does not. And if an inverted bottle, 
full -of liquor, be hung up to the cieling of the cabin, anda {mall 
hole be made in the cork to let the liquor drop through on the floor, 
the drops will fall juft as far forward on the floor when the fhip fails 
as when it is at reft. And gnats or flies can as eafily dance among 
one another in a moving cabin as in a fixed chamber. As for thafe 
{cripture expreflions which feem to contradi¢t the Earth’s motion, this 
general anfwer may be made to them all, vz. ’tis plain from many 
faleces that the Scriptures were never intended to inftruct us in Phi- 
lofophy or Aftronomy ; and therefore, on thofe fubjeéts, expreffions are 
not always to be taken in the ftricteft fenfe ; but for the moft part as 
accommodated to the common apprehenfions of mankind. Men of 
fenfe in all ages, when not treating of the fciences purpofely, have 
followed this method: and it atid be in vain to follow any other in . 
addrefling ourfelves to the vulgar, or bulk of any community. Mo/es 
calls the “Moon A GREAT LUMINARY (as it is in the Hebrew) 
as well as the Sun: but the Moon is known to be an opaque body, 
and the fmalleft that Aftronomers have obferved in the Ereaadas - and 
fhines upon us not by any inherent light of it’s own, but by reflecting 
the light of the Sun. If Mofes had known this, and told the J/raelites 
fo, they would. have ftared at him; and confidered him rather as a 
madman than as a perfon commiflioned by the Almighty to be their 
leader.. 


CHA P. IV. 


The Phenomena of the Heavens as feen from different parts 
of the Earth. 


122. E are kept to the Earth’s farface on all fides by the power Weare kept 
of it’s central attraction; which, laying hold of all bodies;° eae 

according to their denfities or quantities of matter without regard to doe etn 

their Balke. conftitutes what we call their wezght. And having the 

fky over our heads, go where we will, and our feet towards the gentre 

of the Earth, we cali it wp over our ends: and. down under our feet : 

although the fame right line which is down to us, if continued through 

and beyond the oppofite fide of the Earth, would be wp to the fahabit 

tants on the oppofite fide. For, the inhabitants z, i, Cy ts S505 'G5 b 


ftand with their feet toward. the Earth’s centre @; and have the fame 
ficure 
figu 
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The Phenomena of the Heavnes as feen 
figure of fky 


y N,/, E, M, S, O, 2, Z over their heads. . Therefore, the 
point S is as directly upward to the inhabitant 5 on the fouth Pole 
as JV is to the inhabitant 2 on the North Pole: fo is E.to the inha- 
bitant e, fuppofed to be on the north end of Peru; and Q, to the 
oppofite inhabitant g on the middle of the ifland Sumatra. Each of 
thefe obfervers is furprifed that his oppofite or Antipode can ftand 
with his’ head hanging downwards. But let either go to the 
other, and he will tell him that he ftood as upright and firm on the 
place where he was as he now ftands where he is. ‘To all thefe ob.. 
fervers the Sun, Moon, and Stars feem to turn round the points N and 
Sas the Poles of the fixed Axis NCS; becaufe the Earth does really 
turn round the mathematical line 1Cs as round an Axis of which 7 
is the North Pole and s the South Pole. The Inhabitant U (Fig. II.) 
affirms that he is on the uppermoft fide of the Earth, and wonders 
how another at Z can ftand on the undermoft fide with his head hang- 
ing downwards. But U in the mean time forgets that in twelve hours 
time he will be carried half round with the Earth ; and then be in the 
very fituation that Z now is, although as far from him as before. 
And yet, when U comes there, he will find no difference as to his 
manner of ftanding ; only he will fee the oppotite half of the Heavens, 
and imagine the Heavens to have gone half round him. 


123. When we fee a globe hung up in a room we -cannot hel 
imagining it to have an upper and an under fide, and immediately 
form a like idea of the Earth; from whence we conclude, that it is 
as impoffible for perfons to ftand on the under fide of the Earth as for 
pebbles to le on the under fide of a common Globe, which inftantly 
alldown from it tothe ground; and well they may, becaufe the attrac- 
tion of the Earth, being too ftrong for the attraétion of the Globe, pulls 
them away. Juft fo would be the cafe with our Earth, if it were 
placed near a Globe much bigger than itfelf, fuch as Jupiter: for 
then it would really have an upper and an under fide with refpect to 
that large Globe ;_ which, by it’s Attraction, would pull away every 
thing from the fide of the Earth next to it; and only thofe on the 
top of the oppofite or upper fide could keep upon it. But there is 
no larger Globe near enough our Earth to overcome it’s central] attrac- 
tion ; and therefore it has no fuch thing as an upper and an under fide: 
for all bodies on or near it’s furface, even to the Moon, gravitate 
towards it’s center. 

124. Let any man imagine that the Earth and ever 


y thing but 
himfelf is taken away, and he left alone in the midtt of i 


nfinite Space ; 
he 




































from different Parts of the Eartb. 


he could then have no idea of wf or down; and were his pockets full ofPLATE I. 


gold, he might take the pieces one by one, and throw them away on 
all fides of him, without any danger of lofing them ; for the attraction 
of his body would bring them all back by the ways they went, and 
he would be down to every one of them. But then, if a Sun or any 
other large body were created, and placed in any part of Space feveral 
millions of miles from him, he would be attracted towards it, and could 
not fave himfelf from falling down to it. 


125. The Earth’s bulk is but a point, as that at C, compared to thefig. 1. 


Heavens ; and therefore every inhabitant upon it, let him be where he 
will, as at 2, e, m,s, &c. fees one half of the Heavens. The inhabi- 
tant 7, on the North Pole of the Earth, conftantly fees the Hemifphere 
EN; and having the North Pole N of the Heavens juft over his head, 


his * Horizon coincides with the Celeftial Equator ECQ, Therefore all One half of 
the Heavens 
vifible to an 
inhabitant on 


Horizon. The Equatoreal Stars keep in the Horizon, and all thofe in ey pet 
the arth. 


the Stars in the Northern Hemifphere ENC, between the Equator and 
North Pole, appear to turn round the line NC, moving parallel to the 
the Southern Hemifphere ESQ are invifible. The like Phenomena are 
{een by the obferver s on the South Pole, with refpect to the Hemifphere 
ESQ; and to him the oppofite Hemifphere is always invifible. Hence, 
under either Pole, only one half of the Heavens is feen; for thofe parts 
which are once vifible never fet, and thofe which are once invifible never 
rife. But the Ecliptic YCX, or Orbit which the Sun appears to defcribe 
once a-year by the Earth’s annual motion, has the half YC conftantly 


above the Horizon ECQ_ of the North Pole; and the other half CX al- Phenomena 
ways belowit. ‘Therefore whilft the Sun defcribes the northern half YC the Poles. 


of the Ecliptic he neither fets to the North Pole nor rifes to the South ; 
and whilft he defcribes the fouthern half CX he neither fets to the South 
Pole nor rifes to the North. The fame things are true with refped to the 
Moon ; only with this difference, that as the Sun defcribes the Ecliptic 
but once a year, he is for half that time vifible to each Pole in it’s 
turn, and as long invifible; but as the Moon goes round the Ecliptic 
in 27 days 8 hours, fhe is only vifible for 13 days 16 hours, and as 
long invifible to each Pole by turns. All the Planets likewife rife and 
fet to the Poles, becaufe their Orbits are cut obliquely in halves by the 
Horizon of the Poles. When the Sun (in his apparent way from X) 
arrives at C, which is on the 20th of March, he is juft rifing to an 
obferver at #2 on the North Pole, and fetting to another at son the 
* The utmoft limit of a perfon’s view, where the Sky feems to touch the Earth all 
around, is called his Horizon; which fhifts as the perfon changes his place. 
South 
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42 The Phenomena of the Heavens as feen 


i PLATE U.South Pole. From C he rifes higher and higher in every apparent 
Diurnal revolution “till he comes to the higheft point of the Ecliptic y, 
on the 21ft of "fune, and then hes at his greateft Altitude, which *is 
23% degrees, or the Arc Ey, equal' to his greateft North declination ; 
and from thence he feems to defeend gradually in every apparent Cir- 
cumvolution, ‘till he fets at Con the 23d of September; and then he 
goes to exhibit the like Appearances at the South Pole for the other 
half of the year. Hence the Sun’s apparent motion round the Earth is 
not in parallel Circles, but in Spirals; fuch as might be reprefented by a 
thread wound round a Globe from Tropic to Tropic; the Spirals being 
at fome diftance from one another about‘ the Equator, but gradually 
nearer to each other as they approach ‘nearer to the Tropics. 

Phenomenaat 126. If the obferver be any where on the Terreftrial Equator eCg, 
the Equator. gg fuppofe at e, he is in the Plane of the Celeftial Equator; or under 
the EquinoCtial ECQ2; and the Axis of the Earth 2Cs is coincident with 
Fig. I. the Plane of his Horizon, extended out to WN and S; the North and 
South Poles of the Héavens. As the Earth turns round the line NCS; 
the whole Heavens MOZ/ feem to turn round the fame line, but the 
contrary way. It is plain that this obferver has the Poles conftantly in 
his Horizon, and that. his Horizon cuts the Diurnal paths ‘of all the 
Celeftial bodies perpendicularly and in halves. Therefore the Sun, 
Planets, and Stars rife every day, and afcend perpendicularly above the 
Horizon for fix hours, and pafling over the Meridian, defcend in the 
fame manner for the fix following hours; then fet in the Horizon, and 
continue twelve hours below it. Confequently at the Equator the days 
and nights are equally long throughout the year. When the obferver 
is in the fituation e, he fees the Hemifphere SEN; but in twelve hours 
after, he is carried half round the Earth’s Axis to g, and then the He- 
mifphere SQN becomes vifible to him; and SEN difappears, being hid 
by the Convexity of the Earth. Thus we find that to an obferver at 
either of the Poles-one half of the Sky:is always vifible, and theother 
half never feen ; but to an obferver on the Equator the whole Sky is 
feen every 24 hours. 
The Figure here referred to, reprefents a Celeftial globe of glafs, 
having a Terreftrial globe within it; after the manner of the Glafs Sphere 


invented by my generous friend Dr. Lone, Lowndes’s Profeflor of 
Aftronomy in Cambridge. 


Beak. 127 If a Globe be held fidewife to the eye, at fome diftance, and 
fo that neither of ‘it’s Poles canbe feen, the Equator ECQ, and all 
Circles parallel to it, as-DL, y2x, abX; MO, &c. will appear ‘to be 


ftraight 













































from +d ferent Paris of the Earth. 


ftraizht lines, .as- projected, in this'Figure ; which is requifite to be men- 
tioned. here, .becaufe we fhall. have occafion to call them Circles in the 
following Article *. 

128. \Let.us.now fuppofe that the obferver has gone from the Equa- Phenomena 
tor e towards, the North Pole-z, ‘and that he ftops at z, from: which veer the 
place he then fees the Hemifphere ME/NL ; his Horizon MCL. havin ePdles,. a 
{hifted as.many-++ Degrees, from the Celeftial, poles V and S as he has 
travelled from under‘the Equinodtial,E. And as the Heavens feem 
conftantly to turn round ;the jline VCS as an Axis, all thofe Stars 
which areias:far from the, North Pole WV as the obferver is from under 
the Equinodtial, namely ‘the Stars north of the dotted parallel DL, 
never {et below the Horizon; and thofe which are fouth of the dotted 
parallel ZO .never rife above it. ‘Hence, the ‘former of thefe two 
parallelCircles is called the Circle of perpetual Apparition, and the latter The Circles 
the Circle of perpetual Occultation : ,but all the Stars between thefe two! Perpetual 
Circles rifeand fet every day. “Letus imagine many Circles to be drawn se foaculiss 
-between thefe two, and parallel tothem; thofewhich are on the north tion. 
fide of the Equinoctial will be unequally cut by the Horizon MCL, 
having larger’ portions above the Horizon than below it ; and the more 
fo, as:they are nearer'to-the Circle of perpetual Apparition; but the 
reverfe happens to.thofe on the fouth fide of the Equinoctial, whilft 
the Equinodtial is divided in two equal parts by the Horizon. Hence, 
by the apparent turning of the Heavens, the northern Stars defcribe 
greater Arcs or Portions of Circles above the Horizon than below it; 
and :the greater as they are farther from the EquinoGtial towards the 
Circle of ,perpetual Apparition ; ‘whilft the contrary happens to all 
Stars fouth of the Equinoctial: but thofe upon it defcribe equal Arcs 
both above and below the Horizon, and therefore they are juft as long 
above as below it. . 

129. An obferver on the Equator has no Circle of perpetual Appari- 
tion.or Occultation, becaufe all the Stars, together with the Sun and 
Moon, rife and fet to him every day. But, as a bare view of the Fi- 
gure is fufficient to fhew that thefe two Circles DL and MO are juft 
as far from the Poles N and ‘§ as the obferver at 7 (or one oppofite 
to him at 0) is from the Equator ECQ ; it is plain, ‘that if an obferver 
begins to travel from the Equator towards either Pole, his Circle of 
perpetual Apparition rifes from that Pole as from a Point, and his Circle 
of perpetual Occultation from the other. As the obferver advances 


* The Plane of a Circle, or a thin circular Plate, being turned edgewife to the eye 
appears to be a ftraight line. 

+ A Degree is the 360th part of a Circle. 
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44 The Phenomena of the Heavens as feen 


PLATE II.toward the nearer Pole, thefe two Circles enlarge their diameters, and 
come nearer one another, until he comes to the Pole; and then they 
meet and coincide inthe Equator. On different fides of the Equator, 
to obfervers at equal diftances from it, the Circle of perpetual Appari- 
tion to one is the Circle of perpetual Occultation to the other. 


Why the Stars 130. Becaufe the Stars never vary their diftances from the Equinoc- 
alwaysde- tial, fo as to be fenfible in an age, the lengths of their diurnal and 
a ; ach nocturnal Arcs are always the fame to the fame places on the Earth. But 
lel of motion, as the Earth goes round the Sun every year in the Ecliptic, one half 
Cn alee of which is on the north fide of the Equino¢tial and the other half 
: on it's fouth fide, the Sun appears to change his place every day, fo 
as to go once round the Circle YCX every year § 114. Therefore 
whilft the Sun appears to advance northward, from having defcribed 
the Parallel abX touching the Ecliptic in X, the days continually 
lengthen and the nights fhorten, until he comes to y and deferibes the 
Parallel yzx, when the days are at the longeft and the nights at the 
fhorteft: for then, as the Sun goes no farther northward, the greatett 
portion that is poflible of the diurnal Arc yz is above the Horizon of 
the inhabitant 7; and the fmalleft portion zx below it. As the Sun 
declines fouthward from y he defcribes fmaller diurnal and greater 
nocturnal Arcs, or Portions of Circles, every day; which caufeth the 
days to fhorten and nights to lengthen, -until he arrives again at the 
Parallel abX;, which having only the {mall part ab above the Horic 
zon MCL, and the great part 4X below it, the days are at the 
fhorteft and the nights at the longeft ; becaufe the Sun recedes no far- 
ther fouth, but returns northward as before. It is eafy to fee that the 
Sun mutt be in the Equinodtial ECQ | twice every year, and then the 
days and nights are equally long; that is, 12 hours each. 'Thefe hints 
ferve at prefent to give an idea of fome of the Appearances refulting 
from the motions of the Earth; which will be more particularly dex 

fcribed in the tenth Chapter. 


Fig. 131. To an obferver at either Pole; the Horizon and Equinotial are 
Hace, and coincident ; and the Sun and Stars feem to move parallel to the Hori- 
Right fphere,20N: therefore, fuch an obferver is faid to have a Parallel pofition of the 
what, Sphere. To an obferver any where between the Poles and Equator, the 
Parallels defcribed by the Sun and Stars are cut obliquely by the Hori- 
zon, and therefore he is faid to have an Oblique pofition of the Sphere. 
To an obferver any where on the Equator, the Parallels of Motion, 


defcribed by the Sun and Stars are cut perpendicularly, or at Right an- 
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from different Parts of the Earth. 


gles, by the Horizon; and therefore he is faid to have a Right pofition 
of the Sphere. And thefe three are all the different ways that the 
Sphere can be pofited to all people on the Earth. 


Gi A P....V. 


The Phenomena of the Heavens as feen from different Parts 
of the Solar Sytem. 


132. S° vaftly great is the diftance of the ftarry Heavens, that if 
viewed from any part of the Solar Sy{tem, or even many 
millions of miles beyond it, it’s appearance would be the very fame to 
us. “The Sun and Stars would all feem to be fixed on one concave 
furface, of which the Speétator’s eye would be the centre. But the 
Planets, being much nearer than the Stars, their appearances will vary 
confiderably with the place from which they are viewed. | 
133. If the fpectator is at reft without their Orbits, the Planets will 
feem to be at the fame diftance as the Stars; but continually chang- 
ing their places with refpect to the Stars, and to one another : affuming 
various phafes of increafe and. decreafe like the Moon. And, .not- 
withftanding their regular. motions about the Sun, will fometimes 
appear to move quicker, fometimes flower, be as often to the weft as 
to the eaft of the Sun; and at their greateft diftances feem quite fta- 
tionary. The duration, extent, and points in the Heavens where thefe 
digreffions begin and end, would be more or lefs according to the re- 
fpective diftances of the feveral Planets from the Sun: but in the fame 
Planet they would continue invariably the fame at all times; like pen- 
dulums of unequal lengths ofcillating together, the fhorter move quick 
and go over a fmall fpace, the longer move flow and go over a large 
fpace. If the obferver is at re{t within the Orbits of the Planets, but 
not near the common center, their apparent motions will be irregular, 
but lefS fo than in the former cafe. Each of the feveral Planets will 
appear bigger and lefs by turns, as they approach nearer or recede far- 
ther from the obferver; the neareft varying moft in their fize. ‘They 
will alfo move quicker or flower with regard, to the fixed Stars, but 
will never be retrograde or {tationary. | 
134, Next, let a {pectator in motion view the Heavens: the fame 
apparent irregularities will be obferved, but with fome variation refult- 
ing from his own motion. If he is on a Planet which has a rotation 


on it’s Axis, not being fenfible of his own motion. he will»imagine 
the 





— 
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e-time that:his) Planet turns round, -but the contrary way,; and. will 
not be eafily convinced .of the deception. If-his,Planet-moves round 
he S the fame irregularities and afpects as above will appear in the 
lanets: only, the times of their being direét, {tationary 

stade will be accelerated or retarded as they concur with, or 
contrary -to-his motion :.and the Sun will feem to move among the 


fixed Stars or Signs, directly oppofite to thofe.in -which ‘his*Planet 





moves; changing it’s place every day asthe does. Ina word, whether 
.. oe an + ite be oa 
our obierver be In motion or at reft, whether within or without the 


obfery 
Orbits .of the Planets, -their motions will:feem irregular, intricate-and 
perplexed, unlefs he is in the.center of the Syftem ; and-from thence, 
the moft beautiful order and:harmony will be obferved. 
The Sun’s 134. The'Sum being the center of all:the Planets motions, ‘the only 
ceater the “place from -which:their motions could ‘be truly feen, is-the Sun’s center ; 
ed one where the -obferver being. -fuppofed not to turn round swith the Sun 
the true mo- (which, in this cafe, we muft Imagine to be,a tranfparent body) would 
places of the £€¢ all’ the Stars at reft, and feemingly equidiftant from him. To fuch 
Planets couldan obferver theoPlanets would appear to move among the-fixed Stars, 
be feen. in afimple, regular, and uniform manner ; only, that as in equal times 
they deferibe equal Areas, they would deferibe {paces fomewhat unequal, 
becaufe they-move jin elliptic/Orbits:§ 11 55. Their motions would alfo 
appear tobe what they are in fact, the fame way round the Heavens ; 
in paths which crofs at {mall Angles in. different parts of the Heavens, 
and then feparate a little fromoneanather §.20.. So that, if the folar 
Aftronomer fhould: make:the Path or Orbitof any one Planet a ftandard, 
and confider'it ‘as having no obliquity.§204, he would judge the 
paths of all the reft to>be inclined to it; each Planet having one half 
of it’s path on one fide, and-the other half onthe oppofite fide of the 
ftandard Path or Orbit. And:f he thould ever fee all the Planets ftart 
froma conjunCtion with each other* ; Mercury;would move! fo much 
fafter’ than Venus as. to overtake her again (though not in the fame 
point of the Heavens) in a quantity of time almoft equal to 145 of 
our days and nights; or, as we commonly call them, Natural Days, 
which include both the days and nights: Venus would move fo much 
fafter ‘than the Earthias»to overtake it again in 585 natural days: the 


Earth fo much fafter than Mars-as to overtake him again in 778 fuch 


* Here we do.not mean fuch a conjunction, ,as that the nearer Planet fhould hide al] 
the reft from the obferver’s fight; (for'that would be impoffible’ unlefs the interfe@tions 
of all their Orbits were coincident, which they are not, See § 21.) but when they were 
all in a ‘line croffing the ftandard Orbit at right Angles. 


days : 
















































































from different 


days: Mars fo.much fafter than Jupiter as’ to overtake “him ’again in 
817 fuch:days: and Jupiter fo much fafter'than Saturn as) to overtake 
him ‘again in 7236 days, all of our time. 

136. But as our folar Aftronomer could have no idea of meafuring The judg- 
the courfés of‘ the Planets. by our days, he! would very’ probably take® “i ne that bl 
the period of Mereury,- which is the quickeft moving ‘Planet, foriia iner would 
meafure’ to’ compare the’ periods’ of the‘ others by. As all the Stars! pone y. 
would appear quiefcent to-him, he would never think: that they aan ne 
any dependance upon the’Sun3 but-could per err imagine that the dit anci 
Planets have, becaufe’ they move found the Sun. Andvit!is by no bulls oft oF 
means improbable, that he’ would’ conclude thofé Planets whofe tl 
periods are quickeft to move in Orbits proportionably lefs than thofe do 
which make flower circuits. But being deftirare of a method for find- 
ing their Parallaxes, or} more propertly fpeaking; as they could haveno 
Paralla ax to him, he could never ‘know any thing of their’real diftances 
or magnitudes. Their relative diftances he might pethaps(g guefs at by 
their periods, and from thence infer fomething of truth concerning 
their relative’ buiks, by comparing their apparent bulks with one an- 
other. For example , Jupiter appearing bigger to him than Mars, he 
would conclude it to be much’ bigger in fat j becaufe’! it appears’ fo, 
ahd’ muft be farther from him, on Aaceuitit of it’s “longer period. 
Mercury would feem ‘bigger than the Earth ; but by comparing it’s 
period with the Earth’s, ie would conclude that the Earth is* much ie 
farther from him’ than Mercury; and confequently that 1 muft beireally 
bigger‘ though: ‘apparently lesz and {6 ofthe reft) « And, «as each? 
Planet wiotild appear fomewhat bigger’ in “one part of _it?’s»Orbit than in’! 
the oppofite, and to move quickert§ when it feéems bi¢geft, the obferver | 
would be at no lof to determine’ that all the’ Planets move in Orbits 
of which ‘the Sun‘is'not précifely in the ceéfiter. 


Parts of the Earth. 








137. The apparent magnitudes of thé Planets continually:changevas The Plane- 
féen' fromthe Earth; which demonftrates that ‘they < approach feared y7y Moons 
to it, and recedé farther from ‘it ‘by‘turns. From thefe Phenomena, Len oa 
ahd’ theif’ apparent motions -among the Stars, they -feem to deteribethe Ear 
looped curves which never return inte “themfelves;. Venus’s path: ex- 
cepted. And if we'were°to traée! out’ all! their: apparent paths, and 
put the fiptires'ofi them! together°in one'diagramy they would “appear 
{o anomalous and confuféed, that nd man°‘in’ his: fenfes could believe 
them to'be-reprefentations of ‘their real paths ; but would immicdiately 2 
conclude, that fuch apparent irregularities muft be owing to fome Optic Zz 
illufions. And after‘a good deakof enquiry; *he-m light | perhaps be at a i. 
I lois \' 
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i PLATE lofs to find out the true caufe of thefe inequalities; efpecially if he 
were one of thofe who would rather, with the greateft juftice, charge 
=| frail man with ignorance, than the Almighty with being the author 
of fuch confufion. 
Thole of 138. Dr. Lone, in his firft volume of Affronomy, has given us 
Vents. figures of the apparent paths of all the Planets feparately from Cas- 
fented. SINT; and on feeing them [ firft thought of attempting to trace fome 
of them bya machine * that fhews the motions of the Sun, Mercury, 
Venus, the Earth and Moon, according to the Copernican Sy/tem. 
Having taken off the Sun, Mercury, and Venus, I put black-lead 
pencils in their places, with the points turned upward; and fixed a 
circular {heet of pafte-board fo, that the Earth kept conftantly under 
it’s center in going round the Sun; and the pafte-board kept its paral- 
lelif{m Then, preffing gently with one hand upon the pafte- board to 
make it touch the three pencils, with the other hand I turned the 
winch which moves the whole machinery: and as the Earth, together 
with the pencils in the places of Mercury and Venus, had their 
Fig. L proper motions round the Sun’s pencil, which kept at reft in the center 
of the machine, all the three pencils defcribed a diagram from which 
the firft Figure of the third Plate is truly copied in a fmaller fize. 
As the Earth moved round the Sun, the Sun’s pencil defcribed the 
dotted Circle of Months, whilft Mercury’s pencil drew the curve with 
the greateft number of loops, and Venus’s that with the feweft. In 
their inferiour conjunctions they come as much nearer. the Earth, or 
within the Circle of the Sun’s apparent motion round the Heavens, as 
they go beyond it in their fuperiour conjunctions. On_each fide of the 
loops they appear Stationary; in. that part of each loop next the Earth 
retrograde; and in all reft of their paths direct. 
If Cafinr’s Figures of the paths of the Sun, Mercury and Venus were 
put together, the Figure as above traced out, would be exaétly like them. 
{t reprefents the Sun’s apparent motion round the Ecliptic, »which - is 
the fame every year; Mercury’s motion for feven years ; and Venus’s 
for eight; in which time Mercury’s path makes 23 loops; crofling 
itfelf fo many times, and Venus’s only five. In eight years Venus falls 
fo nearly into the fame apparent path again, as to deviate very little 
from it in fome ages; but in what number of years Mercury and the 
reft of the Planets would defcribe the fame vitible paths over again, 
Icannot at prefent determine. Having finifhed the above Figure of 
the paths of Mercury and Venus, I put the Ecliptic round them as in 
the Doétor’s Book ; and added the dotted lines from the Earth to the 
* The OrReERY fronting the Title-page. 
Ecliptic 
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Ecliptic for fhewing Mercury’s apparent or geocentric motion therein PLATEIII. 
for one year; in which time his path makes three loops, and goes on 
a little farther ; which fhews that he has three inferiour, and as many 
fuperiour conjunctions with the Sun in that time, and alfo that he is 
fix times Stationary, and thrice Retrograde. Let us now trace out his 
motion for one year in the Figure. 
Suppofe Mercury to be fetting out from 4 towards B (between 
the Earth and left-hand corner of the Plate) and as feen from the Earth Fie. 1 
his motion will then be direét, or according to the order of the Signs. 
But whenhe comes to B, he appears to ftand ftill in the 23d degree | 
of Ml at F, as fhewn by the line BF. Whilft he goes from B i 
to C, the line BF goes backward from F to E, or contrary to the | 
order of Signs; and when he is at C he appears Stationary at EB; 
having gone back 114 degrees. Now, fuppofe him Stationary on 
the firft of Fanuary at C, on the tenth thereof he will appear in the 
Heavens as at 20, near F; on the 2oth he will be feen as at G; 
on the 31ft at H; onthe 1oth of February at I; on the 2oth at 
KK; and on the 28th at LZ; as the dotted lines fhew, which are drawn 
through every tenth day’s motion in his looped path, and continued 
to the Ecliptic. On the roth of March he appears at M; on the 
2oth at NV; and on the 31ftat O. On the 1oth of 4pri/ he appears 
Stationary at P; on the 20th he feems to have gone back again to 
O; and on the 30th he appears Stationary at 2, having gone back 
11; degrees. Thus Mercury feems to go forward 4 Signs 11 Degrees, or 
131 Degrees; and to go back only 11 or 12 Degrees, at a mean rate. 
From the 30th of 4pri/ to the 10th of May, he feems to move from 
Q to R; and onthe 2oth he is feen at S, going forward in the 
fame manner again, according to the order of letters; and backward 
when they go back; which, ’tis needlefs to explain any farther, as the 
reader can trace him out fo eafily through the reft of the year. The 
fame appearances happen in Venus’s motion; but as fhe moves flower 
than Mercury, there are longer intervals of time between them. 
Having already § 120. given fome account of the apparent diurnal 
motions of the Heavens as feen from the different Planets, we fhall not 
trouble the reader any more with that fubject. 
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Tbe Ptolemean Sy/fem refuted. The Motions and Phafes 
of Mercury and Venus explained. 


130, dt Aa Tychonic Syftem § 97, being fufficiently refuted by the 
i rogth Article, we fhall fay nothing more about it. 

140. The Ptolemean Syfem § 96, which afferts the Earth to be at 
re{t in the Center of the Univerfe, and all the Planets with the Sun 
and Stars to move round it, is evidently falfe and abfurd. For if 
this hypothefis were true, Mercury and Venus could never be hid be- 
hind the Sun, as their Orbits are included within the Sun’s: and again, 
thefé two Planets would always move direct, and be as often in 
Oppofition to the Sun as in Conjun¢tion with him. But the contrary 
of all this is true: for they are juft as often behind the Sun as before 
him, appear as often to move backwards as forwards, and are fo far 
from being feen at any time in the fide of the Heavens oppofite to the 
Sun, that they were never feen a quarter of a circle in the Heavens 
diftant from him. 

Appearances. 141. ‘Thefetwo Planets, when viewed with a good telefcope, appear 
of b coaa in all the various fhapes of the Moon ; which is a plain proof that they 
mee” are enlightened by the Sun, and fhine not by any light of their own = 
for if they did, they would conftantly appear round as the Sun does; 
and could never be feen like dark fpots upon the Sun when they pafs 
directly between him andus. Their regular Phafes demonftrate them 
to be Spherical bodies; as may be fhewn by the following experiment. 
Experiment _ Hang an ivory ball bya thread, and let any Perfon move it round the 
apa va flame of acandle, at two or three yards diftance from your Eye: when 
_ the ball is beyond the candle, fo as to be almoft hid by the flame, it’s 
enlightened fide will be towards you, and appear round like the Fulf 
Moon: When the ball is between you and the candle, it’s enlightened 
fide will difappear, as the Moon does at the Change: When it is half 
way between thefe two pofitions, it will appear half illuminated, like 
the Moon. in her Quarters: But in every other place between. thefe 
politions, it will appear more or lefs horned or gibbous. If this experi- 
ment be made with a circular plate which has a flat furface, you may 
make it appear fully enlightened, or not enlightened at all; but can 
never make it feem either horned or gibbous. 


E42. If 
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142. If you remove about fix or feven yards from the candle, and PLATE If 
place yourtfelf fo that it’s flame may be juft about the height of your Experiment 
eye, and then defire the other perfon to move the ball flowly round the Rie 
candle as before, keeping it as near of an equal height with the flame BY Mertiiry 
as he poflibly can, the ball will appear to you not to move in a circle, 274 Venus. 
but rather to vibrate backward and forward like a pendulum; moving 
quickeft when it is directly between you and the candle, and when di- 
rectly beyond it; and gradually ilower as it goes farther to the ght of 
left fide of the flame, until it appears at the greateft diftance from the 
flame; and then, though it continues to move with the fame velocity, 
it will feem to ftand ftill fora moment. In every Revolution it will 
fhew all theabove Phafes § 141; and if two balls, a fmaller and a greater, 
be moved in this manner round the candle, the fmaller bail being 
kept neareft the flame, and carried round almoft three times as often 
as the greater, you will have a tolerably good reprefentation of the 
apparent Motions of Mercury and Venus; efpeciaily, if the bigger ball 
deferibes a circle almoft twice as large in diameter as the circle deferibed 
by the leffer. 

143. Let ABCDE be a part or fegment of the vifible Heavens, infig. 11. 

which the Sun, Moon, Planets, and Stars appear to move at the fame 

diftance from the Earth Z. For there are certain limits, beyond which 

the eye cannot judge of different diftances; as is plain from the Moon’s 
appearing to be no nearer to us than the Sun and Stars are. Let the 

circle fghzkimno be the Orbit in which Mercury m moves round the 

Sun S, according to the order of the letters. When Mercury is at fj 

he difappears to the Earth at EF, becaufe his enlightened fide is 

turned from it; unlefs he be then in one of his Nodes § 20, 25 ; The elonga- 
in. which cafe, he will appear like a dark fpot upon the Sun. When ce bode y 
he is at gin his Orbit, he appears at Bin the Heavens, weftward of Mercury from 
the Sun §, which is feen at C: when at 4, he appears at 4, at histhe Sun. 
greateft weftern elongation or diftance from the Sun; and then feems 

to ftand ftill. But, as he moves from / to 7, he appears to go from 

A to B;, and feems to be in the fame place when at 7 as when he was 

at g, only not near fo big: at &he is hid from the Earth E by the Sun 

S; being then in his fuperiour Conjunction. In going from & to /, 

he appears to move from C to D; and when he is at ~, he appears 
ftationary at E; being feen as far eaft from the Sumthen, as he was 

weft from him at_4. In going from z to oin his Orbit, he feems to go 

back again in the Heavens, from E to D; and is feen in the fame 

place (with refpeét to the Sun) at 9 as when he was at /; but of a 


larger diameter at 0, becaufe he is then nearer the Earth E: and 
H 2 when 
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i PLATE II.when he comes to /, he again paffes by the Sun, and difappears as 
before. In going from z to / in his Orbit, he feems to go backward in 
the Heavens from E to 4; and in going from 4 to m, he feems 
to go forward from 4 to E. Ashe goes on from f a little of his en- 
lightened fide at g is feen from E; at b he appears half full, becaufe 
half of his enlightened fide is feen; at 2, eibbous, or more than half 
full; and at & he would appear quite full, were he not hid from the 
Earth E by the Sun 5S, At / he appears gibbous again; at » half 
decreafed, at o horned, and at f new like the Moon at her Change. 
He goes fooner from his eaftern ftation at 2 to his weftern ftation at } 
than from / to 2 again ; becaufe he goes through lefs than half his Orbit 
in the former cafe, and more in the latter. 

Fig. IL. 144. In the fame Figure, let FGHIKLMN be the Orbit in which 
Venus v moves round the Sun S, according to the order of the letters : 

The Elonga- and let E be the Earth as before. When Venus is at F the is in her 

a eg inferiour Conjunction; and difappears like the New Moon _becaufe 

Venne. ee dark fide is toward the Earth. At G the appears half enlightened 
to the Earth, like the Moon in her firft quarter: at 4 fhe appears 
gibbous; at J, almoft full; her enlightened fide being then nearly 
towards the Earth: at K, fhe would appear quite full to the Earth E; 
but is hid from it by the Sun S: at ZL, the appears upon the decreafe, 
or gibbous; at 14 more fo; at N, only half enlightened ; and at F 
fhe difappears again. In moving from Nto G, the feems to go 

The greateft backward in the Heavens; and from G to N, forward: but, as fhe 

Elongations defcribes a much greater portion of her Orbit in going from G to N 

ae acl than from N to G, fhe appears much longer direét than retrograde in 

oN her motion. At N and G fhe appears ftationary ; as Mercury does 
at m and 6. Mercury, when {tationary feems to be only 28 degrees 
from the Sun; and Venus when fo, 47; which is a demonftration 
that Mercury’s Orbit is included within Venus’s, and Venus’s within. 
the Earth’s. 


Morning and 146. Venus, from her fuperiour Conjun@tion at K to her inferiour 
Evening Sta Conjunction at Fis feen on’ the eat fide of the Sun S from the Earth 
re E; and therefore the fhines in the Evening after the Sun fets, and is 
called the Evening Star: for, the Sun being then to the weftward of 
Venus, he muft fet firft. From her inferiour ConjunGtion to her 
fuperiour; fhe appears on the weft fide of the Sun; and therefore rifes. 
before him, for which reafon the is called the Morning Star. When 


fhe is about N or G, the fhines {6 bright, that bodies caft thadows in 
the night-time. 


r46. I€ 
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146. Ifthe Earth kept always at E, it is evident that the Stationary PLATE II. 
places of Mercury and Venus would always be in the fame points of the 
Heavens where they were before. For example; whilft Mercury m 
goes from / to 2, according to the order of the letters, he appears to 
defcribe the arc ABCDE in the Heavens, direct: and whilft he 
goes from 7 to /, he feems to defcribe the fame arc back again, from The flation-_ 
E to A, retrograde: always at 2 and 4 he appears ftationary at the}? eer hag 
fame points E and 4 as before. But Mercury -goes, round his vatikie 
Orbit, from f to f again, in 88 days; and yet there are 116 days 
from any one of his Conjunctions, or apparent Stations, to the fame 
again: and the places of thefe Conjunctions and Stations are found to 
be about 114 degrees eaftward from the points of the Heavens where 
they were laft before ; which proves, that the Earth has not kept all 
that time at E, but has had a progreffive motion in it’s Orbit from E 
to ¢. Venus alfo differs every time in the places of her Conjunctions 
and Stations; but much more than Mercury ; becaufe, as Venus de- 
feribes a much larger Orbit than Mercury does, the Earth advances 
fo much the farther in it’s annual path before Venus .comes round 
again. ; 

147. As Mercury and Venus, feen from the Earth, have their re-The Elonga- 
fpective Elongations from the Sun, and Stationary places; fo has ae.’ eM 
Earth, feen from Mars; and Mars, feen from Jupiter; and Jupiter, riour Planets 
feen from Saturn. That is, to every fuperiour Planet, all the inferiour?: ‘een from. 
ones have their Stations and Elongations; as. Venus and Mercury have 
to the Earth. As feen from Saturn, Mercury never goes above 2+ 
degrees from the Sun; Venus 4; ; the Earth 6; Mars gi; and Ju- 
piter 334: fo that Mercury, as feen from the Earth, has almoft as 
great a Digreflion or Elongation from the Sun, as Jupiter feen from 


Saturn. 
148. Becaufe the Earth’s Orbit is included within the Orbits of A proof of the 


Mars, Jupiter, and Saturn, they are feen on all fides of the Heavens SNe tates 
and are as often in Oppofition to the Sun as in Conjunction with him. 
If the Earth ftood ftill, they would always appear direct in their motions, 
never retrograde nor ftationary. But they feem to go juft as often back- 
ward as forward; which, if gravity be allowed to exift, affords a fuf- 
ficient proof of the Earth’s annual motion. 
149. As Venus and the Earth are fuperiour’ Planets to Mercury, 
they fhew much the fame Appearances to him that Mars and Jupiter 
do to us. Let Mercury m be at fs Venus v at F, and the Earth at Fig. UL. 
E; in which fituation Venus hides the Earth from Mercury ; 


but, being in oppofition to the Sun,. fhe fhines on Mercury with a full 
gee iJumined. 


























































54 The phyfical Caufes of 
| PLATE ILillumined Orb; though, with refpect to the Earth, the is in conjunc- 
| General Phe-tion with the Sun and: invifible. When Mercury is at f, and Venus 
: teseridttt "4a G, her enlightened fide not being directly towards him, fhe appears 
Planet toan a little gibbous; as Mars does in a like fituation to us: but, when 
infetiour. ‘Venus is at J, her enlightened fide is fo much towards Mercury at S 
that fhe appears to him almoft of a round figure. At K, Venus dif 
appears to Mercury at f, being then hid by the Sun; as all our fu- 
periour Planets are to. us, when in conjunction with the Sun. When 
Venus has, as it were, emerged out of the Sun beams, as.at L, fhe 
appears almoft full to Mercury at /: at M and NV, a little gibbous ; 
quite full at F, and largeft of all; being then in eppolition to. the Sun, 
and confequently: neareft to Mercury at /; fhining ftrongly on him in 
the night, becaufe her diftance from: him then is fomewhat lefs than a 
fifth part of her diftance from the Earth, when the appears roundeit, to 
it between Land K, or between K and LZ, as feen from. the Earth. BE. 
Confequently, when Venus is oppofite to the. Sun as, feen. from. Mer~ 
cury, fhe appears more than 29 times as large to him. as the does. to us 
when at the fulleft. Our cafe. is almoft fimilar with refpect to. Mars, 
when he is oppofite to the Sun; becaufe he is then fo near the Earth, 
and has his whole enlightened fide towards it. But, becaufe the Orbits 
of Jupiter and Saturn are very large im proportion to the Earth’s, thefe 
two Planets appear much lefs magnified at their Oppofitions. or dimi- 
nifhed at their Conjunétions than Mars. does, in proportion, to. their 
mean apparent Diameters. 


Et ee en. 


Lhe phyfical Caufes of the Motions of the Planets. The Ex- 
centricities of their Orbits. The Times in which the At- 
tion of Gravity would bring them to the Sun Arcui- 
MEDES S ideal Problem for moving the Earth. The 
World not eternal. 


Gravitation J 50, ROM the uniform proje@ile motion. of bodies in {traight 

and Proje&ti- . d th ivertal of Gti A 9 h 

rie: lines, an € univerial power of attraction, ariies the cur- 

Fig. IV. _vilineal motions: of all the Heavenly bodies, If the body 4 be pro- 
jected along the right line 4ABX; in open, Space, where. it meets with 

no refiftance, and'is. not drawn. afide by any other power, it will for 

ever go on with the fame velocity, and. in the fame dire@tion. F Or; 
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the force which moves it from 4 to B in any given time, will carryPLATE 1. 
it from B to X in as much more time; and fo on, there being no- Circular 
thins to obftruét or alter it’s motion. But if; when this projectile force bei 
has carried it, fuppofe to B, the body S begins to attract it, with a 
power duly adjufted, and perpendicular to it’s motion at B, it will 

then be drawn from the ftraight line 4BX, and forced to revolve about 

S in the Circle BY/TU. When the body 4 comes to U, or any other Fig. IV. 

part of it’s Orbit, if the finall body w, within the {phere of U’s attrac- 

tion, be projected as in the right line Z, with a force perpendicular to 

the attraction of U, then w will go round U in the Orbit W, and ac- 

company it in it's whole courfe round the body S. Here, § may re- 

prefent the Sun, U the Earth, and w the Moon. 


151. If a Planet at B gravitates, or is attracted, toward the Sun, fo. 
as to fall from B to y in the time that the projectile force would have. 
carried it from B to X, it will defcribe the curve BY by the com- 
bined action of thefe two forces, in the fame time that the projectile 
force fingly would have carried it from B to X, of the gravitating power 
fingly have caufed it to defcend from B to y; and thefe two forces be- 
me duly proportioned, and perpendicular to one another, the Planet 
obeying them both, will move in the circle BYTU*. 

152. But if, whilft the projectile force carries the Planet from B to. 
6, the Sun’s attraction (which conftitutes the Planet’s gravitation) 
fhould bring it down from B to 1, the gravitating’ power would then 
be too {trong for the projectile force; and would caufe the Planet to. 
defcribe the curve BC. When the Planet comes to C, the gravitating Enipticar 
power (which always increafes as the fquare of the diftance from the 0". 
Sun S diminifhes) will be yet ftronger for the projectile force; and by 
con{piring in fome degree therewith, will accelerate the Planet’s motion 
all the way from C to K; caufing it to defcribe the arcs BC, CD, 
DE, EF, &c. allin equal times. Having it’s motion thus accelerated, 
it gains fo much centrifugal force, or tendency to fly off at K in the 
line KR, as overcomes the Sun’s attraction: and the centrifugal force 
being too great to allow the Planet to be brought nearer the Sun, or 
even to move round him in the Circle K/mn, &c. it goes off, and 
afcends in the curve KLMN, &c. it’s motion decreafing as gradually 
from K to B as it increafed from B to K, becaufe the Sun’s attraction 
acts now againft the Planet’s projectile motion juft as much as it: 


* To make the projectile force balance the gravitating power fo exactly as that the 
body may move ina Circle, the projectile velocity of the body mutt be fuch as it would: 
bave acquired. by gravity alone in falling through half the radius, 

acted: 
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. PLATE I1.acted with it before. When the Planet has got round’ to B, it’s pro- 

jectile force is as much diminithed from. it’s mean {tate about G or N, 

} as it was augmented at K; and fo, the. Sun’s attraction being more 

than fufficient to keep the Planet from going off at B, it defcribes the 
fame Orbit over again, by virtue of the fame;forces or laws. 


153. A double projectile force will always balance a quadruple 
power of gravity. Let the Planet at B have twice as great an impulfe 
from thence towards X, as it had before: that is, in the fame length 
of time that it was projected from B to 4, as in the laft example, let it 
now be projected from B to ¢; and it will require four times.as much 
gravity to retain it in it’s Orbit: that is, it muft fall as far as from B 
to 4 in the time that the projectile force would carry it from B to c; 

Fig. IV. otherwife it could not defcribe the curve BD, as is evident by the 
Figure. But, in as much time as the Planet moves from B to C in 
The Planets the higher part of it’s Orbit, it moves from I to,K or from K to L in 
resmcncnt lower part thereof; becaule, from the joint action of thefe two 
times. forces, it muft always defcribe equal areas in equal times, throughout 
it's annual courfe. Thefe Areas are reprefented by the triangles 
BSC, CSD, DSE, ESF, &c. whofe contents are equal to one an- 
other, quite round. the Figure. 
A difficulty 154. As the Planets approach nearer the Sun, and recede farther 
removed. == from him, in every Revolution ; there may be fome difficulty in con- 
ceiving the reafon why the power of gravity, when it once gets the 
better of the projectile force, does not bring the Planets nearer and 
nearer the Sun in every Revolution, till they fall upon and unite with 
him. Or why the projectile force, when it once gets the better of gra- 
vity, does not carry the Planets farther and farther from the Sun, til] 
it removes them quite out of the {phere of his attraction, and caufes 
them to go on in ftraight lines for ever afterward. But by confiderin 
the effects of thefe powers as defcribed in the two laft Articles, this 
difficulty will be removed. Suppofe a Planet at B to be carried by 
the projectile force as far as from B to 4, in the time that gravity would 
have brought it down from B to 1: by thefe two forces it will defcribe 
the curve BC. When the Planet comes down to K, it will be but half 
as far from the Sun S as it was at B; ‘and therefore, by gravitating four 
times as ftrongly towards him, it would fall from K to V in the fame 
length of time that it would have fallen from B to 1 in the higher 
part of it’s Orbit, that is, through four times as much fpace ; but it’s 
projectile force is then fo much increafed at K, as would carry it from 
K to & in the fame time; being double of what it was at B, and is 


therefore 
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therefore too ftrong for the tendency of the gravitating power, either to 
draw the Planet to the Sun, or caufe it to go round him in the 
circle K/mn, &c. which would require it’s falling from Ktow, through 
a greater {pace than gravity can draw it whilft the projectile force is fuch 
as would carry it from K to &: and therefore the Planet afcends in 


its Orbit KLMN, decreafing in it’s velocity for the caufe already af- 
figned in § 152. 


155. The Orbits of all the Planets are Ellipfes, very little different ThePianetary 
from Circles: but the Orbits of the Comets are very long Ellipfes; the ee ellip- 
lower focus of them all being in the Sun. If we fuppofe the mean ~~ 
diftance (or middle between the greateft and leaft) of every Planet and Their Excen- 

Comet from the Sun to be divided into 1000 equal parts, the Excen-U*- 
tricities of their Orbits, both in fuch parts and in Exgh/b miles, will 
be as follows. Mercury’s, 210 parts, or 6,720,000 miles; Venus’s, 
7 parts, or 413,000 miles; the Earth’s, 17 parts, or 1,377,000 miles; 

ars's, 93 parts, or 11,439,000 miles; Jupiter’s, 48 parts, or 
20,352,000. miles; Saturn’s, 55 parts, or 42,735,000 miles. Of 
the neareft of the three forementioned Comets, 1,458,000 miles; 
of the middlemoft, 2,02 5,000,000 miles; and of the outermoft, 
6,600,000,000. 

156. By the above-mentioned laws § 150 & Jeq. bodies will move The above 
in all kinds of Ellipfes, whether long or fhort, if the {paces they ne Saliba peat 
in be void of refiftance. Only, thofe which move in the longer both in circu- 
Ellipfes, have fo much the lefs projectile force imprefled upon them! Sole 
in the higher parts of their Orbits; and their velocities, in coming as 
down towards the Sun, are fo prodigioufly increafed by his attraction, 
that their centrifugal forces in the lower parts of their Orbits are fo great 
as. to overcome the Sun’s attraction there, and caufe them to afcend 
again towards the higher parts of their Orbits; during which time, the 
Sun’s attraction actir g {o contrary to the motions of thofe bodies, caufes 
them to move flower and flower, until their projectile forces are dimi- 
nifhed almoft to nothing; and then they are brought back again by 
the Sun’s attraction, as before. 

157. If the projectile forces of all the Planets and Comets wete In what times 
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deftroyed at their mean diftances from the Sun, their gravities GG apd see 
bring them down fo, as that Mercury would fall to the Sun in 15 days:he Sun by 
¥2 hours; Venus in 39 days 17 hours: the Earth or Moon in Bint powen sy 
days 1o hours; Mars in 121 days; Jupiter in 290; and Saturn in®*”% 
767. The neareft Comet in 13 thoufand days ; the middlemoft in 

23 «thoufand days; and the outermott in 66 thoufand days. The 

I Moon 
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| Moon would fall to the Earth in 4 days 20 hours; Jupiter's firft 
Moon would fall to him in 7 hours, his fecond in 15, his third 
in 30, and his fourth in 71 hours. - Saturn’s firft Moon would fall to 

[ him in 8 hours; his fecond in 12, his third in 19, his fourth in 
68 hours, and the fifth in 236. A ftone would fall to the Earth’s 
center, if there were an hollow paflage, in 21 minutes 9 feconds. 
Mr. WutsTon gives the following Rule for fuch Computations. 
<< * Itis demonftrable, that half the Period of any Planet, whenit is di- 
minifhed in the fefquialteral proportion of the number 1 to the number 2, 
or nearly in the proportion of 1000 to 2828, is the time that it would 
fall to the Center of it’s Orbit.” This proportion 1s, when a quan- 
tity or number contains another once and a half as much more. 


The prodigi: 158. The quick motions of the Moons of Jupiter and Saturn round 

gos artretes aoe Primaries, demonftrate that thefe two Planets have f{tronger at- 

ond Plas, tractive powers than the Earth has. For, the ftronger that one body 
attra¢ts another, the greater muft be the projectile force, and confe- 
quently the quicker muft be the motion of that other body, to keep 
it from falling to it’s primary or central Planet. Jupiter's fecond 
Moon is 124 thoufand miles farther from Jupiter than our Moon is 
from us; and yet this fecond Moon goes almoft eight times round 
Jupiter whilft our Moon goes only once round the Earth. What a 
prodigious attractive power muft the Sun then have, to draw all the 
Planets and Satellites of the Syftem towards him; and what an amaz- 
ing power muft it have required to put all thefe Planets and Moons 
into fuch rapid motions at firft! Amazing indeed to us, becaufe im- 
poffible to be effected by the ftrength of all the living Creatures in an 
unlimited number of Worlds, but no ways hard for the Almighty, 
whofe Planetarium takes in the whole Univerfe! 

Arcnie- 159. The celebrated ARcHiIMEDEs affirmed he could move the 

Paine Earth if he had a place to ftand on to manage his machinery-++. This 

Fath, © affertion is true in Theory, but, upon examination, will be found abfo- 
lutely impoffible in fact, even though a proper place and materials of 
fufficient ftrength could be had. 

The fimpleft and eafieft method of moving a heavy body a little 
way is by a lever or crow, where a {mall weight or power ‘applied to 
the long arm will raife a great weight on the fhort one. But then, 
the fmall weight muft move as much quicker than the great weight 


* Aftronomical Principles of Religion, p. 66. 

+ Ads m# sd, nal tiv nocudr munow, i.e Give mea place to fland on, and I fhall 
move the Earth, 
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as the latter is heavier than the former; and the length of the long 

arm of the lever to the length of the fhort arm muft be in the fame | 
proportion. Now, fuppofe a man pulls or prefies the end of 
the long arm with the force of 200 pound weight, and that the 
Earth contains in round Numbers 4,000,000,000,000,000,000,000 
or 4000 Trillions of cubic feet, each at a mean rate weighing 100 
pound; and that the prop or center of motion of the lever is 6000 
miles from the Earth’s center : in this cafe, the length of the lever from 
the Fulcrum or center of motion to the moving power or weight ought 
to be 12,000,000,000,000,000,000,000,000 or 12 Quadrillions of 
miles; and fo many miles mutt the power move, in order to raife the 
Earth but one mile, whence ’tis eafy to compute, that if ARCHIMEDES 
or the power applied could move as fwift asa cannon bullet, it would 
take 27,000,000,000,000 or 27 Billions of years to raife the Earth one 
inch. 

If any other machine, fuch as a combination of wheels and fcrews, 
was propofed to move the Earth, the time it would require, and the 
fpace gone through by the hand that turned the machine, would be 
the fame as before. Hence we may learn, that however boundlefs our 
Imagination and Theory may be, the aétual operations of man are 
confined within narrow bounds; and more fuited to our real wants than 


to our defires. 


160. The Sun and Planets mutually attract each other: the power Hardtodeter- 
by which they do fo we call Gravity. But whether this power « poniobaees 
mechanical or no, is very much difputed. We are certain that the ss 
Planets difturb one another's motions by it, and that it decreafes ac- 
cording to the {quares of the diftances of the Sun and Planets; as 
licht, which is known to be material, likewife does. Hence Gravity 
fhould feem’to arife from the agency of fome fubtile matter prefling 
towards the Sun and Planets, and acting, like all mechanical caufes, 
by contact. But on the other hand, when we confider that the degree 
or force of Gravity is exactly in proportion tothe quantities of matter in 
thofe bodies, without any regard to their, bulks or quantity of furface, 
acting as freely on their internal as external parts, it feemis to {urpa{s 
the power of mechaniim ; and to be either the immediate agency of 
the Deity, or effected by a law originally eftablifhed and impreft on all 
matter by him. But fome affirm that matter, being altagether imert, 
cannot be impreffed with any Law, even by almighty Power : and that 
the Deity muft therefore be conftantly impelling the Planets toward 


the Sun, and moving them with the fame irregularities and difturbances 
12 which 
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which Gravity would caufe, ‘if it could be fuppofed to exift.. But, if a 
man may venture to publifh his own thoughts, (and why fhould not 
one as well as another?) it feems to me no greater abfurdity, to fup- 
pofe the Deity capable of fuperadding a Law, or what Laws he pleatfes, 
to matter, than to fuppofe him capable of giving it exiftence at firft. 
The manner of both is equally inconceivable to us; but neither of them 
imply a contradiction in our ideas: and what implies no contradiction 
is within the power of Omnipotence. Do we not fee that a human 
creature can prepare a bar of {teel fo as to make it attract needles.and 
filings of iron; and that he can put a {top to that power.or virtue, and 
again call it forth again as often as he pleafes ? “To fay that the workman 
infufes any new power into the bar, is faying too much ; fince the needle 
and filings, to which he has done nothing, re-attract the bar. And 
from this it appears that the power was originally impreft on the matter 
of which the bar, needle, and filings are compofed ; but does not feem 
to act until the bar be properly prepared by the artificer: fomewhat 
like a rope coiled up ina fhip, which will never draw a_ boat or any 
other thing towards the fhip, unlefs one end be tied to it, and the 
other end to that which is to be hauled up; and then it is no matter 
which end of the rope the failors pull at, for the rope will be equally 
ftretched throughout, and the fhip and: boat will move towards one an- 
other. To fay that the Almighty has infufed no fuch virtue or power 
into the materials which compofe the bar, but that he waits till the 
operator be pleafed to prepare it by due pofition and friction, and then, 
when the needle or filings are brought pretty near the bar, the Deity 
prefies them towards it, and withdraws his hand whenever the work- 
man either for ufe, curiofity or whim, does what appears to him to 
deftroy the action of the bar, feems quite ridiculous and trifling; as it 
fuppofes God not only to be fubfervient to our inconftant wills, but 
alfo to do what would be below the dignity of any rational man to be 
employed about. 

161. That the projectile force was at firft given by the Deity is 
evident. For, fince matter can never put itfelf into motion, and all 
bodies may be moved in any direction whatfoever; and yet all the 
Planets both primary and {econdary move from weft to eaft, in planes 
nearly coincident; whilft the Comets move in all directions, and in 
planes fo different from one another; thefe motions can be owing to no 
mechanical caufe of neceffity, but to the free choice and power of an 
intelligent Being. 


162. Whatever 
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162. Whatever Gravity be, ’tis plain that it acts every moment of 
time: for fhould it’s action ceafe, the projectile force would inftantly 
carry off the Planets in ftraight lines from thofe parts of their Orbits 
where Gravity left them. But, the Planets being once put into motion, 
there is no occafion for any new projectile force, unlefs they meet with 
fome refiftance in their Orbits; nor for any mending hand, unlefs they 
difturb one another too much by their mutual attra¢tions. 


163. It is found that there are difturbances among the Planets in The Planets 


their motions, arifing from their mutual attractions when they are in the eatin 
fame quarter of the Heavens; and that our years are not always pre- motion. 


cifely of the fame length*. LEefides, there is reafon to believe that 
the Moon is fomewhat nearer the Earth now than fhe was formerly ; 


her periodical month being fhorter than it was in former ages. For, The confe- 


our Aftronomical Tables, which in the prefent Age fhew the times of ereof, 


Solar and Lunar Eclipfes to great precifion, do not anfwer. fo well for 
very ancient Eclipfes. Hence it appears, that the Moon does not 
move in a medium void of all refiftance, § 174; and therefore her 
projectile force being a little weakened, whilft there is nothing to di- 
minifh her gravity, fhe muft be gradually approaching nearer the Earth, 
defcribing fmaller and {maller Circles round it in every revolution, and 
finifhing her Period fooner, although her abfolute motion with regard to 
{pace be not fo quick now as it was formerly: and therefore, fhe muft 
come to the Earth at laft; unlefs that Being, which gave her a fufficient 
projectile force at the beginning, adds a little more to it in due time. 
And, as all the Planets move.in {paces full of ether and light, which 
are material fubftances, they too muft meet with fome refiftance. 
And therefore, if their gravities are not diminifhed, nor their projectile 
forces increafed, they muft neceffarily approach nearer and nearer the 
Sun, and at length fall upon and unite with him. 


164. Here we have a ftrong philofophical argument againft the eter- The World 
nity of the World. For, had it exifted from eternity, and been left? eternal. 


* If the Sun was not agitated about the common center of gravity of the whole Sy- 
ftem, and the Planets did not act mutually upon one another, their Orbits would be ellipti- 
cal, and the areas defcribed by them would be exactly proportionate to the times of 
defcription § 153. But obfervations prove that thefe areas are not in fuch exact pro- 
portion, and are moft varied when the greateft number of Planets are in any parti- 
cular quarter of the Heavens. When any two Planets are in conjunction, their mutual 
attractions, which tend to bring them nearer to one another, draws the inferior one a 
little farther from the Sun, and the fuperior one a little nearer to him; by which means, 
the figure of their Orbits is fomewhat altered; .but this @lteration is too fmall to be 
difcovered in feyeral ages. 


by 
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by the Deity to be governed by the combined aétions of the above 
forces or powers, generally called Laws, it had been at an end long 
ago, And if it be left to them it muft come to an end. But we 
may be certain that it will laft as long as was intended by it’s Author, 
who ought no more to be found fault with for framing fo perifhable a 
work, than for making man mortal. 


CHAP, VII. 


Of Light. Its proportional quantities on the different 
Planets. It’s Refrattions in Water and Air. The 
Atmofphere; it's weight and properties. The Hori- 


sontal Moon. 


165. fo confilts of exceeding {mall particles of matter iffu- 

ing from a luminous body; as from a hehted candle 

Ae amseite fuch particles of matter continually flow in: all directions. Dr. 
fmallnefs of NIEWENTYT * computes, that in one fecond of time there flows 
yore 4.18, 660, 000,000,000, 000,000, 000, 000,000,000,000,000,000,000 
mee particles of light out of a burning candle; which number contains at 
leaft 6,337,242,000,000 times the number of grains of fand in the 

whole Earth; {uppofing 100 grains of fand to be equal in length to an 


inch, and confequently, every cubic inch of the Earth to contain one 


illion of fuch grains. 
‘The dreadful 8 


aire OH ar 166. Thefe amazingly {mall particles, by ftriking upon our eyes, 
would enfue excite in our minds the idea of light: and, if they were fo large as 
from their 


Beir the {malleft | particles of matter difcernible by our bett microfcopes, 
inf{tead of being ferviceable to us, they would foon deprive us of fight 
by the force arifing from their immenfe velocity, which is above 164 
thoufand miles every fecond +, or 1,230,000 times fwifter than the 
motion of a cannon bullet. And therefore, if the particles of light 
were fo large, that a million of them were equal in bulk to an ordi- 
nary grain of fand, we durft no more open our eyes to the light than 

How 6hjetts fuffer fand to be thot point blank againft them. 

become vifi- 167, When thefe {mall particles, flowing from the Sun or from a 

ble tous. eamdle, fall upon bodies, and are thereby refleéted to our eyes, they 
excite in us the idea of that body by forming it’s picture on the retina 


* Religious Philofopher, Vol. IJ. page 65, 
+ This will cbe demonftrated in the eleventh Chapter. 
t A fine net-work membrane in the bottom of the eye, 


And 
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And fince bodies are vifible on all fides, light muft be reflected fromPLATE I, 
them in all directions. 

163. A ray of light is a continued ftream of thefe particles, flowing The rays of 
from any vifible body in ftraight lines. That they move in ftraight, Eight tieie 
and not in crooked lines, unlefs they be refracted, is evident from bodies hat Cagis, 
not being vilible if we endeavour to look at them through the bore of a 
bended pipe; and from their ceafing to be feen by the interpofition of 
other bodies, as the fixed Stars by the interpofition of the Moon and 
Planets, and the Sun wholly or in part by the interpofition of the 
Moon, Mercury, or Venus. And that thefe rays do not interfere, or A proof that 
joftie one another out of their ways, in flowing from different bodies they hinder 
all around, is plain from the following Experiment. Make a little other’s mo. 
hole in a thin plate of metal, and fet the plate upright on a table, tions. 
facing a row of lighted candles ftanding by one another; then place a 
fheet of paper or pafteboard at a little diftance from the other fide of 
the plate, and the rays of all the candles, flowing through the hole, 
will form as many fpecks of light on the paper as there are candles 
before the plate, each fpeck as diftinct and large, as if there were 
only one candle to caft one fpeck; which fhews that the rays are no 
hinderance to each other in their motions, although they all crofs in 


the hole. 


169. Light, and therefore heat fo far as it depends on the Sun’s rays 
(§ 85, towards the end) decreafes in proportion to the fquares of the 
diftances of the Planets from the Sun. ‘This is eafily demonftrated by 
. a Figure which, together with it’s defcription, I have taken from Dr. 
SmiTn’s Optics *. Let the light which flows from a point 4, and Fig. XI. 
paffes through a {quare hole B, be received upon a plane G, parallel 
to the plane of the hole; or, if you pleafe, let the figure C be the 
fhadow of the plane B; and when the diftance C is double of B, thet what pro- 
length and breadth of the fhadow C will be each double of the length pores light 
and breadth of the plane B; and treble when 4D is treble of AB 3 create at se 
and fo.on: which may be eafily examined by the light of a candlegiven diftance 
placed at 4. Therefore the furface of the fhadow C, at the diftance’™O™ the Sun. 
AC double of AB, is divifible mto four fquares, and at a treble di- 
ftance, into nine fquares, feverally equal to the fquare B, as repre- 
fented in the Figure. The light then which falls upon the plane B, 
being fuffered to pafs to double that diftance, will be uniformly 
{pread over four times the fpace, and confequently will be four times 
thinner in every part of that fpace, and at a treble diftance it will be 

* Book I. Art. 57. 

nine 
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PLATE II. nine times thinner, and at a quadruple diftance fixteen times thinner, 
than it was at firft; and fo on, according to the increafe of the {quare 
furfaces B, C, D, E, built upon the diftances 4B, AC, AD, AE. 
Confequently, the quantities of this rarefied light received upon a fur- 
face of any given fize and fhape whatever, removed fucceffively to 
thefe feveral diftances, will be but one quarter, one ninth, one fixteenth 
of the whole quantity received by it at the firft diftance 4B. Or in 
general words, the denfities and quantities of light, received upon any 
given plane, are diminifhed in the fame proportion as the {quares of 
the diftances of that plane, from the luminous body, are increafed: 
and on the contrary, are increafed in the fame proportion as thefe 
{quares are diminifhed. 

Why the Pla- 170. The more a telefcope magnifies the difks of the Moon and 

ee PP Prat Planets, they appear fo much dimmer than to the bare eye; becaufe 

immer when s : ‘ : ; 25 

viewed thro’ the telefcope cannot magnify the quantity of light, as it does the fur- 

telefcopes face; and, by fpreading the fame quantity of light over a furface fo 
ae bk the much larger than the naked eye beheld, juft fo much dimmer mutt it 
fs appear when viewed by a telefcope than by the bare eye. 


171. When a ray of light paffes out of one medium * into another, 
it is refracted, or turned out of it’s firft courfe, more or lefs, as it falls 
more or le{s obliquely on the refracting furface which divides the two 
mediums. ‘This may be proved by feveral experiments ; of which 
we fhall only give three for example’s fake. 1. In a bafon FGH put 

Fig. VIIL a piece of money as DB, and then retire from it as to 4, till the 
edge of the bafon at FE juft hides the money from your fight: then, 
keeping your head fteady, let another perfon fill the bafon gently with 
water. As he fills it, you will fee more and more of the piece DB; 

Refraétion of which will be all in view when the bafon is full, and appear as if lifted 

fa 3 of up toC. For, the ray ZEB, which was {traight whilft the bafon was 
empty, is now bent at the furface of the water in BE, and turned out 
of it’s rectilineal courfe into the dire@tion ED. Or, in other words, 
the ray DEK, that proceeded in a ftraight line from the edge D whilft 
the bafon was empty, and went above the eye at 4, is now bent at BE; 
aid inftead of going on in the rectilineal diretion DEK, gees in the 
angled direction DEA, and by entering the eye at 4 renders the obje@ 
DB vifble. Or, 2dly, place the bafon where the Sun fhines obliquely, 
and obferve where the fhadow of the rim F falls on the bottom, as at 


* A medium, in this fenfe, is any tranfparent body, or that through which the rays 
of light can pafs; as water, glafs, diamond, air; and even a vacuum is fometimes 
called a Medium. 
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Properties of Light. 


B: then fill. it with water, and the fthadow will fall at D; which 
proves, that the rays of light, falling obliquely on the furface of the 
water, are refracted, or bent downwards into it. ’ 

172. The lefs obliquely the rays of light fall upon the furface. of 
any medium, the lefs they. are refracted ; and if they fall perpendicu- 
larly thereon, they are not refracted at all. For, in the laft experi- 
ment, the higher the Sun rifes, the lefs will be the difference between the 
places. where the.edge of the fhadow falls, in the empty and full bafon. 
And, 3dly, if a ftick be laid over the bafon, and the Sun’s rays be re- 
flected: perpendicularly into it from a looking-glafs, the fhadow of the 
{tick will fall upon the fame place of the bottom, whether the bafon 
be full or empty. ; 

173. The denfer that any medium is, the more is light refratted 


in pafling through it. 


174. The Earth is furrounded by a thin fluid mafs of matter, calledThe Atmo- 


fphere, 


the zr, or Atmofphere, which gravitates to the Earth, revolves with it 
in it’s diurnal motion, and goes round the Sun with it every year. 
This fluid is of an elaftic or {pringy nature, and it’s lowermott parts 
being preffed by the weight of all the Air above them, are {queezed the 
clofer together ; and. are therefore denfeft of all at the Earth’s furface, 
and gradually rarer the higher up. ‘“‘ It is well known * that the Air 
near the furface of our Earth poffefles a {pace about 1200 times greater 
than water of the fame weight. And therefore, a cylindric column of 
Air 1200 foot high is of equal weight with a cylinder of water of the 
fame breadth and but one foot high. But a cylinder of Air reaching to 
the top of the Atmofphere is of equal weight with a cylinder of water 
. about 33 foot high+; and therefore if from the whole cylinder of Air, 
the lower part of 1200 foot high is taken away, the remaining upper 
part will be of equal weight with a cylinder of water 32 foot high; where- 
fore, at the height of 1200 feet. or two furlongs, the weight of the in- 
cumbent Air is lefs, and confequently the rarity of the compreffed Air is 
greater than near the Earth’s furface in the ratio of 33 to 32. And 
having this ratio we may compute the rarity of the Air at all heights 
whatfoever, fuppofing the expanfion thereof to be reciprocally proportional 
to its compreffion ; and this proportion has been proved by the experi- 
ments of Dr. Hooke and others. . The refult of the computation I have fet 
down inthe annexed Table, in the firft column of which you have the 
height of the Air in miles, whereof 4000 make a femi-diameter of the 
* NewTon’s Sy/tem of the World, p. 120. 
+ This is evident from pumps, fince none can draw water higher than 33 foot. 
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Concerning the Atmofphere. 


Earth ; in the fecond the compreffion of the Air or the incumbent weight; 
in the third it’s rarity or expanfion, fuppofing gravity to decreafe in the du- 
plicate ratio of the diftances from the Earth’s center. And the {mall 
numeral figures are here ufed to fhew what number of cyphers muft be 
joined to the numbers exprefled by the larger figures, as 0.171224 for 
'0.000000000000000001224, and 2695675 for 26956000000000000000. 

From this Table it appears that the 
Arr’s Air in proceeding upwards is rarefied 
Teen Ci her hee in fuch manner, that a {phere of that 
Air which is neareft the Earth but of 
one inch diameter, if dilated to an 
equal rarefaction with that of the Air 


20f) -B.85a ont POMEL A at the height of ten femi-diameters of 

iS tg Ba tener Big: the Earth, would fill up more fpace 

4000] 0.%°5 4466 than is contained in the whole Heavens 

scoot o21ongae| 020330, | on this fide the fixed Stars, according to 
400C00] 0.**°78Q5 | 417987°7 ; : ‘i 

4000000] 0.?*79878| 33414209 | the preceding computation of their dif 

infinite. | 0. tance *.” And it likewife appears that 





the Moon does not move in a perfectly 
free and un-refifting medium; although the air at a height equal to her 
diftance, is at leaft 34.000' °° times thinner than at the Earth’s furface ; 


and therefore cannot refift her motion fo as to be fenfible in many 
ages, . 


175. The weight of the Air, at the Earth’s furface, is found by expert- 
ments made with the air-pump; and alfo by the quantity of mercury 
that the Atmofphere balances in the barometer ; in which, at a mean 
ftate, the mercury ftands 29! inches high. And if the tube were a 
{quare inch wide, it would at that height contain 291 cubic inches of 
mercury, which is juft 15 pound weight; and fo much weight of air every 
{quare inch of the Earth’s furface fuftains; and every fquare foot 144 times 
as much, becaufe it contains 144 fquare inches. Now as the Earth’s far- 
face contains about 199,409,400 fquare miles, it muftbe of no lefe than 
53559,215,016,960,000 fquare feet; which, multiplied by 2016, the 
number of pounds on every foot, amounts to 11,207,377,474,191, 
360,000; or 11 trillion 207 thoufand 377 billion 474 thoufand 191 
million and 360 thoufand pounds, for the weight of the whole Atmo= 
{phere. At this rate, a middle fized man, whofe furface may be about 
14, fquare feet, is prefled- by 28,224 pound weight of Air all round ; 
for fluids prefs equally up and down and on all fides. But, becaufe 


* Namely roooo times the diftance of Saturn:from the Sun; p. 94. 
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Concerning the Atwofphere. 67 


this enormous weight is equal on all fides, and counterbalanced by the PLATE II- 
{pring of the internal Air in our blood veflels, it is not felt. 

176. Oftentimes the ftate of the Air is fuch that we feel ourfelves A common 
languid and dull; which is commonly thought to be occafioned by the 7u@k< #e. 
Air’s being foggy and heavy about us. . But that the Air is then toothe Air, 
light, is evident from the mercury’s finking in the barometer, at which 
time it is generally found that the Air has not fufficient ftrength to 
bear up the vapours which compofe the Clouds: for, when it is other- 
wife, the Clouds mount high, the Air is more elaftic and weighty about 
us, by which means it balances the internal {pring of the Air within 
us, braces up our blood-veffels and nerves, and makes us brifk and lively. 

177. According to* Dr. Keri, andother aftronomical writers, it is 
entirely owing to the Atmofphere that the Heavens appear bright in the 
day-time. For, without an Atmofphere, only that part of the Heavens Without an 
would fhine in which the Sun was placed: and if an obferver could “tmoiphere 
live without Air, and fhould turn his back towards the Sun, the whole would always 
Heavens would appear as dark as in the night, and the Stars would be#ppear dark, 
feen as clear as in the nocturnal fky. In this cafe, we fhould have no oleae 
twilight; but a fudden tranfition from the brighteft funfhine to the light. 
blackeft darknefs immediately after fun-fet; and from the blackeft 
darknefs to the brighteft fun-fhine at fun-rifing; which would be ex+ 
tremely inconvenient, if not blinding, to all mortals. But, by means 
of the Atmofphere, we enjoy the Sun’s light, reflected from the aerial 
particles, before he rifes and after he fets. For, when the Earth by 
its rotation has withdrawn the Sun from our fight, the Atmofphere 
being ftill higher than we, has his light imparted to it; which gradual- 
ly decreafes until he has got 18 degrees below the Horizon; and then, all 
that part of the Atmofphere which is above us is dark. From the.Jength 
of twilight, the Doctor has calculated the height of the Atmofphere (fo 
far as it is denfe enough to reflect any light) to be about 44 miles. But it 
is feldom denfe enough at two miles height to bear up the Clouds. 


178. The Atmofphere refracts the Sun’s rays fo, as to bring him in It brings the 
fight every clear day, before he rifes in the Horizon; and to keep him te ‘eis 
in view for fome minutes after he is really fet below it. For, at fomerifes, and 
times of the year, we fee the Sun ten minutes longer above the Horizon K¢?s bm i 

° . - lew ater he 
than he would be if there were no refractions: and about fix minutes fs. 
every day at a mean rate. 

179. To illuftrate this, let J/K be a part of the Earth’s furface, co- Fig. 1X. 
vered with the Atmofphere HGFC; and let HEO be the-+{fenfible Ho- 

* Seehis Aftronomy, p. 232. + As far as one can fee round him on the Earth, 
2 rizon 
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lt PLATE Il.rizon of an obferver at R. When the Sun is at 4, really below the Hori- 
zon, aray of light AC proceed- 
ing from him comes ftraight to 





182. AT ase /hewing the Refraétions 


i C, where it falls on the furface 
of the Atmofphere, and there en- ti sh bs and Stars ; 
* tering a denfer medium, it 1s adapted to their apparent Al- 


turned out of its rectilineal courfe soln nebttages . 
ACdG, and bent down to the | Appar. |Refrac- 





Refrac-]] Ap. | Refrac- 
















































































obferver’s eye at HE; who then | Alt | tion. tion. J} Alt. |) tion, 
fees the Sun in the direction of |n y|M. Ss. um sltp.IMm s 
the refracted ray edE; which lies = 
above the Horizon, and being gaya 2 151) 56 | 0 36 
2 2 “” 4 
extended out to the Heavens, ] 6 30/27 at 0m : 3 3 sn 
fhews the Sun at B § 171. Oh gh 25 <M 1 591] So | o 732 
Fig. IX. 180, The higherthe Sun rifes, |_' -°}73_-7 B49) | deh edt 
the lefs his rays are refracted, be+ J 1 15]21 20 1 49]]/ 61 | & 30 
caufe they fall lefs obliquely on | * 3°]'2 #? Ks SAA iO 2 tinea 
Hea RAPE Cine A h I pag }i8.. 22 [. 40}] 63 J o 27 
the furface of the Atmofphere | 2 ‘oli7 3 1 3611 64] 0 26 
§ 172. Thus,when theSunisin | 2 3¢]15 2 1 3241065 | o 25 
the direction of the line EfLcon- [73 G}33 20] aes | ak era 
tinued, he is fo nearly perpendi- } 3 30J11 57]| 1 25|f67 fo 23 
cular to the furface of the Earth G . af ed pe Sane? 
é . ) I 1°) 
at F, thathisraysarebutvery little | ; “ol 9 ii : I ib iy 0 4" 
bent from a reétilineal courfe. : peace | ema 
. 5 30 Z1 ft I I 3 of | O | ae) 
i8r. The Sun is about 325 | 6 “ol 7 acl CEST) Reged ree 
min. of a deg. in breadth, when | 6 30] 7. 14]] 1 58th 73 Po 1 
at his mean diftance from the | 7 .°} ° 47 : Sabi Sot ® 
3 7 «= 30 crx hoe I 4 75 O 15 
Earth ;and the horizontal refrac- | -————_ | —__ |] —_]J___ 2. 
The quantity tion of his rays is 332 min. which |) °| & 9°} 1 24) 76) ong 
of refraction. : as : 8 301 5 4°} I OLE 77, yr hs 
being more than his whole dia- Aas renee | 3 estl’ 78 | gms 
. e . ° i : / 
meter, brings all his Dife in | 9 30] 5~ 61] 0 561] 79} o 1 
view, when his uppermoft edge [7° °| + 57|] 45 | 2 54]] ®O]} © 10 
rifes in the Horizon. At ten deg. Jiro} 4 29] o 521] 81} 6 9 
height the refraction is not quite'}!2 ©} 4 5]| oe eo o. 68 
pete | ; 3.01 3 471] ° 4 3] © 
5 min. at 20 deg. only 2 min. {14 "of 3 31 o 471} 81 Io é 
26 fec.; ‘at 30 deg. but 1 min. {15 $0] 3 917 oO 451) 85 | og 
32 fec.; between which and the |77~ , ey FON 
: ? ae ° 
Zenith, it is {carce fenfible: the J17 of 2 s3/f O 4a 87 | 6 “ 
quantity throughout, is fhewn a Oi 5/43 © 4°1] 88}.0 2 
9 Of} 2 34) Oo 39]) 8 I 1 
by the annexed table, calculated }25 cl 2 36 . Oo: 38 a aLs: 
by Sir Isaac NEwTon. nt 
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183. Inallobfervations, to have the true altitude of the Sun, Moon,PLATE I!- 
or Stars, the refraction muft be fubtracted from the obferved altitude. 
But the quantity of refraction is not always the fame at the fame alti-'The incon- 
tude; becaufe heat diminifhes the air’s refractive power and denfity, es 
and cold increafes both ; and therefore no one table can ferve precifely ‘ 
for the fame place at all feafons, nor even at all times of the fame day ; 
much les for different climates: it having been obferved that the 
horizontal refractions are near a third part lefs at the Equator than at 
Paris, as mentioned by Dr. Sm1TH in the 370th remark on his Op- 
tics, where the following account is given of an extraordinary refrac- 
tion of the fun-beams by cold. ‘ There is a famous obfervation of 
this kind made by fome Hollanders that wintered in Nova Zembla inA very re- 
the year 1596, who were fuprifed to find, that after a continual night ane. 
of three months, the Sun began to rife feventeen days fooner than ac- ing refrac- : 
cording to computation, deduced from the Altitude of the Pole ob-"°” 
ferved to be 76°: which cannot otherwife be accounted for, than by 
an extraordinary quantity of refraction of the Sun’s rays, pafling thro’ 
the cold denfe air in that climate. Kerrier computes that the Sun 
was almoft five degrees below the Horizon when he firft appeared; 
and confequently the refraction of his rays was about nine times greater 
than it is with us.” 

184. The Sun and Moon appear of an oval figure as FCGD, jutt 
after their rifing, and before their fetting: the reafon 1s, that the re- 
fraction being greater in the Horizon than at any diftance above it, the 
lowermoft limb G appears more elevated than the uppermoft. But 
although the refraction fhortens the vertical Diameter FG, it has no 
fenfible effect on the horizontal Diameter CD, which is all equally 
elevated. When the refraction is fo {mall as to be imperceptible, the 


Sun and Moon appear perfectly round, as 4EBF. 
185. We daily obferve, that the objects. which appear moft diftinét Our imagina- 


are generally thofe which are neareft to us; and confequently, when ripe rightly 
we have nothing but our imagination to affift us in eftimating of di- ie Aulanee 
ftances, bright objects feem nearer to us than thofe whch are lefs bright, BE Beetle 
or than the fame objects do when they appear lefs bright and worfe J" 
defined, even though their diftance in both cafes be the fame. And 
as in both cafes they are feen under the fame angle *, our imagination 

naturally 


* An Angle is the inclination of two right lines, as IH and KH, meeting in a point Fig. V.. 
at H; and in defcribing an Angle by three letters, the middle letter always denotes the 


angular point: thus, the above lines /H{ and KH meeting each other at H, make ine 
Angle: 








thofe which 
are acceflible. 


The reafon 
afigned, 


The Phenomena of the 


naturally fuggefts an idea of a greater diftance between us and thofe 
objeéts which appear fainter and worfedefined than thofe which appear 
brighter under the fame Angles; efpecially if they be fuch objects as 
we were never near to, and of whofe real Magnitudes we can be no 
judges by fight. 


Noralwaysof 186. But, it is not only in judging of the different apparent Magni- 


tudes of the fame objects, which are better or worfe defined by their 
being more or le{s bright, that we may be deceived: for we may make 
a wrong conclufion even when we view them under equal degrees of 
brightnefs, and under equal Angles; although they be obje¢ts whofe 
bulks we are generally acquainted with, fuch as houfes or trees: for 
proof of which, the two following inftances may fuffice. 

Firft, When a houfe is feen over a very broad river by a perfon ftand- 
ing on low ground, who fees nothing of the river, nor knows of it 
beforehand; the breadth of the river being hid from him, becaufe the 
banks feem contiguous, he lofes the idea of a ‘diftance equal to that 
breadth ; and the houfe feems {mall, becaufe he refers it to a lefs diftance 
than it really is at. But, if he goes to a place from which the river 
and interjacent ground can be feen, though no farther from the houfe, 
he then perceives the houfe to be at a greater diftance than he imagined; 
and therefore fancies it to be bigger than he did at firft; although in 
both cafes it appears under the fame Angle, and confequently makes no 


Angle /HK. And the point H is fuppofed to be the center of a Circle, the circum- 
ference of which contains 360 equal parts called degrees. A fourth part of a Circle, 
called a Quadrant, as GE, contains go degrees; and every Angle is meafured by the 
number of degrees in the arc it cuts off; as the angle EAP is 45 degrees, the Angle 
EHF 33, &c: and fo the Angle EHF is the fame with the angle CHN, and alfo with 
the Angle ZH, becaufe they all cut-off the fame arc or portion of the Quadrant EG; 
and fo likewife the Angle EHF is greater than the Angle CHD or AHL, becaufe it cuts 
off a greater arc. 

The nearer an objeét is to the eye the bigger it appears, and under the greater Angle 
is it feen. To illuftrate this a little, {uppofe an Arrow in the pofition 7K, perpendicular 
to the right line AL4 drawn from the eye at H through the middle of the Arrow 
at Q. It is plain that the Arrow is feen tnder the Angle HK, and that HO, which is 
it’s diftance from the eye, divides into halves both the Arrow and the Angle under which 
it is feen: viz, the Arrow into JO, OK, and the Angle into JHO and KHO: and this 
will be the cafe whatever diftance the Arrow is placed at. Let now three Arrows, all of 
the fame length with 7K, be placed at the diftances H4, HC, HE, till perpendicular 
to, and bifected by the right line H/; then will 4B, CD, EF, be each equal to, and 
reprefent JO; and 4B (the fame as IO) will be feen from A under the Angle 4HB; 
but CD (the fame as JO) will be feen under the Angle CHD or 4HL; and EF (the 
fame as /O) will be feen under the Angle EHF, or CHN, or AHM. Allo, EF or JO 
at the diftance HE will appear as long as CN would at the diftance HC, or as 4AZ would 
at the diftance HA: and CD or JO at the diftance HC will appear as long as AL would 
at the diftance H4. So that as an objeét approaches the eye, both it’s magnitude and 
the Angle under which it is feen increafe; and as the objeCt-recedes, the contrary. 


bigger 




































Florizontal Moon explained. 





vn | 


bigger picture on the retina of his eye in the latter cafe than it did inPLATE II. 


the former. Many have been deceived, by taking a red coat of arms, 
fixed upon the iron gate in Clare-Hall walks at Cambridge, for a brick 
houfe at a much greater diftance*. 

Secondly, In fogey weather, at firft fight, we generally imagine a 
fmall houfe, which is juft at hand, to be a great caftle at a diftance; 
becaufe it appears fo dull and ill defined when feen through the Mift, 
that we refer it to a much greater diftance than it really is at; and 
therefore, under the fame Angle, we judge itto be much bigger. For, 
the near object FE, feen by the eye ABD, appears under the farne 


Angle GCH, that the remote object GHI does: and the rays GFCNFig. XII. 


and HECM croffing one another at Cin the pupil of the eye, limit the fize 
of the picture MN on the retina; which is the pi€ture of the object 
FE, and if FE were taken away, would be the picture of the object 
GHI, only worfe defined; becaufe GHZ, being farther off, appears 
duller and fainter than PE did. But ifa Fog, as KZ, comes between 
the eye and the object FE, it appears dull and ill defined like GHT; 
which caufes our imagination to refer FE to the greater diftance CH, 
inftead of the {mall diftance CE which it really is at. And confe- 
quently, as mif-judging the diftance does not in the leaft diminifh the 
Angle under which the object appears, the fmall hay-rick FE feems to 
be as big as GHT. 


187. The Sun and Moon appear bigger in the Horizon than at any Fig. IX. 


confiderable height above it. Thefe Luminaries, although at great di- 
ftances from the Earth, appear floating, as it were, on the furface of 


our Atmofphere HGFYeC, a little way beyond the Clouds; of which, 


thofe about F, directly over our heads at #, are nearer us than thofe ¥ oa Sun 
about H ore in the Horizon He. Therefore, when the Sun or Moon appear bites 
i & 


appear in the Horizon at ¢, they are not only feen in a part of the Skyin the Homi- 


which is really farther from us than if they were at any. confiderable*°” 


* The fields which are beyond the gate rife gradually till they are juft feen over it; 
and the arms, being red, are often miftaken for a houfe at a confiderable diftance in 
thofe fields. 

I once met with a curious deception in a gentleman’s garden at Hackney, occafioned 
by a large pane of glafs in the garden-wall at fome diftance from his houfe. The glafs 
(through which the fields and fky were diftin€tly feen) reflected a very faint image of the 
houfe; but the image feemed to be in the Clouds near the Horizon, and at that diftance 
looked as if it were a huge caftle in the Air. Yet, the Angle under which the image 
appeared, was equal to that under which the houfe was feen: but the image being men- 
tally referred a much greater diftance than the houfe, appeared much bigger to the imagi- 
nation. 


Altitude, 











































































The Phenomena of the Horizontal Moon explained. 


Altitude, as about f; but they are alfo feen through a greater quantity 
of Air and Vapours at ¢ than at f/ Here we have two concurring ap- 
pearances which deceive our imagination, and caufe us to refer the Sun 
and Moon to a greater diftance at their rifing or fetting about e, than 
when they are confiderably high as at f: firft, their feeming to be on 
. a part of the Atmofphere at e, which is really farther than f froma 
{peétator at FE; and fecondly, their being feen through a groffer medium 
when at ¢ than when at f; which, by rendering them dimmer, caufes 
us to imagine them to be at a yet greater diftance. And as, in both cafes, 
they are feen * much under the fame Angle, we naturally judge them 
to be biggeft when they feem fartheft from us; like the above-men- 
tioned houfe § 186, feen from a higher ground, which fhewed it to 
be farther off than it appeared from low ground; or the hay-rick, 
which appeared at a greater diftance by means of an interpofing Fog. » 
Their Diame- 188. Any one may fatisfy himfelf that the Moon appears under no 
leon the. greater Angle in the Horizon than on the Meridian, by taking a large 
Meridian fheet of paper, and rolling it up in the form of a Tube, of fuch a 
ead width, that obferving the Moon through it when fhe rifes, fhe may, 
~~ as it were, juft fill the Tube; than tie a thread round it to keep it 
of that fize; and when the Moon comes to the Meridian, and_ap- 
pears much lefs to.the eye, look at her again through the fame Tube, 
and fhe will fill it juft as much, if not more, than fhe did at her 
rifing. 

189. When the full Moon is in perzgeo, or at her leaft diftance from 
the Earth, fhe is feen under a larger Angle, and mutt therefore ap- 
pear bigger than when fhe is Full at other times: and if that part. of 
the Atmofphere where fhe rifes be more replete with vapours than 
ufual, fhe appears fo much the dimmer; and therefore we fancy her 
to be ftill the bigger, by referring her to an unufually great diftance; 
knowing that no objects which are very far diftant can appear. big unlefs 
they be really fo. 


* The Sun and Moon fubtend a greater Angle on the Meridian than in the Horizon, 
being nearer the Earth in the former cafe than the latter. 
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The Method of finding the diftances, &c. 


. Cerone #Pre EX. 
Lhe Method of fuding the Diftances of the Sun, Moon, and 


lanets. 


190. HOSE who have not learnt how to take the * Altitude ofPLATEIV, 


any Celeftial Phenomenon by a common Quadrant, nor 
know any thing of Plain Trigonometry, may pafs over the firft Article 
of this {hort Chapter, and take the Aftronomer’s word for it, that the 
diftances of the Sun and Planets are as ftated in the firft Chapter of this 
Book. But, to every one who knows how to take the Altitude of the 
Sun, the Moon, or a Star, and can folve a plain right-angled Triangle, 
the following method of finding the diftances of the Sun and Moon 
will be eafily underftood. - 


Let BAG be one half of the Earth, C it’s femi-diameter, § theFig. 1. 


Sun, m the Moon, and EKOL a quarter of the Circle defcribed by 
the Moon in revolving from the Meridian to the Meridian again. 
Let CRS be the rational Horizon of an obferver at 4, extended to the 


* The Altitude of any celeftial Phenomenon is an arc of the Sky intercepted be- 
tween the Horizom and the Phenomenon. In Fig. VI. of Plate II. let HOX be a 
horizontal line, fuppofed to be extended from the eye at 4 to X, where the Sky and 
Earth feem to meet at the end of a long and level plain; and let § be the Sun. The 
arc XY will be the Sun’s height above the Horizon at X, and is found by the inftru- 
ment # DC, which is a quadrantal board, or plate of metal, divided into go equal parts 
or degrees on its limb DPC; and has a couple of little brafs plates, as @ and b, with 
a fmall hole in each of them, called Sight-Holes, for looking through, parallel to the 
edge of the Quadrant whereon they ftand.. To the center £ is fixed one end of a 
thread F, called the P/umb-Line, which has a fmall weight or plummet P fixed to it’s 
other end. Now, if an obferver holds the Quadrant upright, without inclining it 
to either fide, and fo that the Horizon at X is feen through the fight-holes ¢ and 4, the 
plumb-line will cut or hang over the beginning of the degrees at o, in the edge EC; 
but if he elevates the Quadrant fo as to look through the fight-holes at any part of the 
Heavens, fuppofe to the Sun at S; juft fo many degrees as he elevates the fight-hole 4 above 
the horizontal line HOX, fo many degrees will the plumb-line cut in the limb CP of the 
Quadrant. For; let the obferver’s eye at 4 be in the center of the celeftial arc XYV 
(and he may be faid to be in the center of the Sun’s apparent diurnal Orbit, let him 
be on what part of the Earth he will) in which arc the Sun is at that time, fuppofe 
25 degrees high, and let the obferver hold the Quadrant fo that he may fee the Sun 
through the fight-holes; the plumb-line freely playing on the quadrant will cut the 
25th degree in the limb CP equal to the number of degrees of the Sun’s Altitude at 
the time of obfervation, N. B. Whoever looks at the Sun, muft have a fmoaked glafs 
before his eyes to fave them from hurt. ‘The better way is not to look at the Sun 
through the fight-holes, but to hold the Quadrant facing the eye, at a little diftance, 
and fo that the Sun fhining through one hole, the ray may be feen to fall on the other. 
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Sun in the Heavens,- and H.4O his fenfible Horizon; extended to 
the Moon’s Orbit. .4LC is the Angle under which the Earth’s femi- 
diameter 4C is feen from the Moon at LZ, which is equal to the 
Angle OAL, becaufe the right lines 4O and CL which’ include both 
thefe Angles are parallel. SC is the Angle under which the Earth’s 
femi-diameter JC is feen from the Sun at §, and is equal to the Angle 
OAf becaufe the lines 4O and CRS are parallel. Now, it is found 
by obfervation, that the Angle OAL is much greater than the Angle 
OAf; but OAL is equal to ALC, and O/fis is equal to ASC. Now, 
as SC is much lefs than ALC, it proves that the Earth’s femi- 
diameter 4C appears much greater as feen from the Moon at Z than 
from the Sun at S: and therefore the Earth is much farther from the 
Sun than from the Moon*. The Quantities of thefe Angles are de- 
termined by obfervation in the following manner. 

Let a graduated inftrument as DAE, (the larger the better) having 
a moveable Index and Sight-holes, be fixed in fuch a manner, that it’s 
plane furface may be parallel to the Plan of the Equator, and it’s edge 
AD in the Meridian: fo that when the Moon is in the Equinodtial, 
and on the Meridian at E, fhe may be feen through the fight-holes 
when the edge of the moveable index cuts the beginning of the divi- 
fions at o, on the graduaded limb DE; and when fhe is fo feen, let 
the precife time be noted. Now, as the Moon revolves about the 
Earth from the Meridian to the Meridian again in 24 hours 48 minutes, 
fhe will go a fourth part round it in a fourth part of that time, viz. 
in 6 hours 12 minutes, as feen from C, that is, from the Earth’s 
center or Pole. But as feen from 4, the obferver’s place on the Earth’s 
furface, the Moon will feem to have gone a quarter round the Earth 
when fhe comes to the fenfible Horizon at O; for the Index through 
the fights of which the is then viewed will be at d, go degrees from D, 
where it was when fhe was feen at FE. Now, let the exat moment when 
the Moon is {een at O (which will be when the is in or near the fenfible 


Horizon) be carefully noted ‘+, that it may be known in what time 


fhe has gone from E to O; which time fubtraGted from 6 hours 
2 minutes (the time of her going from E to L) leaves the time of 
her going from O to ZL, and affords an eafy method for finding the 
Angle OAL (called the Moon’s horizontal Parallax, which is equal to 
the Angle 4LC) by the following Analogy: As the time of the Moon’s 


* See the Note on § 185. 

+ Here proper allowance muft be made for the RefraCtion, 
minutes of a degree in the Horizon, will caufe the Moon’s cent 
bove the Horizon when her center is really in it, 


which being about 34. 
€r to appear 34 minutes 


defcribin g 
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defcribing the arc EO is to go degrees, fo is 6 hours 12 minutes to 

the degrees of the Arc DdE, which meafures the Angle EAL; from 

which fubtract go degrees, and there remains the Angle O4Z, equal 

to the Angle 4ZC, under which the Earth’s Semi-diameter C is 

feen from the Moon. Now, fince all the Angles of a right-lined 
Triangle are equal to 180 degrees, or to two right Angles, and the 

fides of a Triangle are always proportional to the Sines of the oppofite 

Angles, fay, by the Rule of Three, as the Sine of the Angle ALC at the The Moon’s 
Moon L is to it’s oppofite fide 4C the Earth’s Semi-diameter, which is eee : 
known to be 3985 miles, fo is Radius, viz. the Sine of go degrees, or of 
the right Angle CZ to it’s oppofite fide 4Z, which is the Moon’s 

diftance at L from the obferver’s place at 4 on the Earth’s furface ; 

or, fo is the Sine of the Angle CAL to its oppofite fide CL, which is 

the Moon’s diftance from the Earth’s centre, and comes out at a mean 

rate to be 240,000 miles. 'The Angle CAL is equal to what OAL 

wants of go degrees. 

191. The Sun’s diftance from the Earth is found the fame way, The Sun’s di- 
but with much greater difficulty; becaufe his horizontal Parallax, aA AEA, 
the Angle OAS equal to the Angle ASC, is fo {mall as to be hardly aaiy deter- 
perceptible, being only 10 feconds of a minute, or the 360th part aire as the 
a degree. But the Moon’s horizontal Parallax, or Angle O4L equal ets 
to the Angle ALC, is very difcernible ; being 57’ 49”, or 3469" at it’s 
mean ftate; which is more than 340 times as great as the Sun’s: and 
therefore, the diftances of the heavenly bodies being inverfely as the 
Tangents of their horizontal Parallaxes, the Sun’s diftance from the 
Earth is at leaft 340 times as great as the Moon’s; and is rather un- 
derftated at 81 millions of miles, when the Moon’s diftance is certainly 
known to be 240 thoufand. But becaufe, according to fome Aftro- 
nomers, the Sun’s horizontal Parallax is 11 feconds, and according to 
others only 10, the former Parallax making the Sun’s diftance to be 
about 75,000,000 of miles, and the latter 82,000,000; we may take 
it for granted, that the Sun’s diftance is not lefs than as deduced from 
the former, nor more than as {hewn by the latter: and every one who 
is accuftomed to make fuch obfervations, knows how hard it is, if 
not impoffible, to avoid an error of a fecond ; efpecially on account of 
the inconftancy of horizontal RefraGtions. And here, the error of one 
fecond, in fo fmall an Angle, will make an error of 7 millions of 
miles in fo great a diftance as that of the Sun’s; and much more in 
the diftances of the fuperiour Planets. But Dr. Hauiery has fhewn us 
how the Sun’s diftance from the Earth, and confequently the diftances 
of all the Planets from the Sun, may be known to within a sooth Lge 
D2 Oo 






































76 The Periods and Diftances of the Planets. 


How near theof the whole, by a Tranfit of Venus over the Sun’s Difc,. which will 
ay ™Y happen on the 6th of “fume, in the year 1761; till which time we muft 
ena content ourfelves with allowing the Sun’s diftance to be about 81 mil- 
lions of miles, as commonly ftated by Aftronomers. 
192. The Sun and Moon appear much about the fame bulk: And 
every one who underftands Geometry knows how their true bulks may 
The Sun be deduced from the apparent, when their real diftances are known. 
as dare Ss Spheres are to one another as the Cubes of their Diameters ; whence, if 
than the the Sun be 81 millions of miles from the Earth, to appear as big as the 
Moon. Moon, whofe diftance does not exceed 240 thoufand miles, he muft, in 
folid bulk, be 42 millions 875 thoufand times as big as the Moon. 
193. The horizontal Parallaxes are beft obferved at the Equator ; 
1. Becaufe the heat is fo nearly equal every day, that the Refrations are 
almoft conftantly the fame. 2. Becaufe the parallaCtic Angle is greater 
there as at 4 (the diftance from thence to the Earth’s Axis being greater, } 
than upon any parallel of Latitude, as a or 4, 


‘The relative 194. The Earth’s diftance from the Sun being determined, the di- 
sin Den ftances of all the other Planets from him are eafily found by the follow- 
from the Sun ing analogy, their periods round him being afcertained by obfervation. 
are known t© As the {quare of the Earth’s period round the Sun is to the cube of it’s 
ae ok diftance from him, fo is the {quare of the period of any other Planet to 
their real di-the cube of it’s diftance, in fuch parts or meafures as the Earth’s diftance 
sat ee n'was taken; fee § 111. ‘This proportion gives us the relative mean di- 
~- ftances of the Planets from the Sun to the greateft degree of exaétnefs; 
and they are as follows, having been deduced from their periodical 
times, according to the law juft mentioned, which was difcovered by 


Kepver and demonftrated by Sir Isaac NewTon. 


Periodical Revolution to the fame jixed Star in days and decimal paris of a day: 
Of Mercury Venus The Earth Mars Jupiter Saturn 
87.9692 224.6176 + — 365.2564 686.9785 4332.514 = 107§9.275- 
Relative mean diftances from the Sun. 

38710 72.333 100000 152369 520096 954006 
From thefe numbers we deduce, that if the Sun’s horizontal Parallax be 10’, the real mean 
diftances of the Planets from the Sun in Englifh miles are 
3157425200* 59,313,060 82,000,000 124,942,580 426,478,720 782,284,920: 
But if the Sun’s Parallax be 1x" their diflances are no more than 
2.9032,500 54,238,570 75,000,000 114,276,750 39030345500 71535045500 
Errors in diftance arifing from the miftake of 1” in the Sun’s Parallax 
29709,700 = 530741490 7,000,000 10,665,830 36,444,220 66,780,420 
195. Thefe 






























The amazing velocity of Light. 
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195. Thefe laft numbers thew, that although we have the relative 
diftances of the Planets from the Sun to the greateft nicety, yet the beft 
obfervers have not hitherto been able to afcertain their true diftances 
to within lefs than a twelfth part of what they really are. And there- 

ore, we muft wait with patience till the 6th of ume, A.D. 1761; 
withing that the Sky may then be clear to all places where there are 
good Aftronomers and accurate inftruments for obferving the Tranfit 
of Venus over the Sun’s Difc at that time: as it will not happen again, 
fo as to be vifible in Europe, in lefs than 235 year after. 

196. The Earth’s Axis produced to the Stars, being carried * parallel 
to itfelf during the Earth’s annual revolution, defcribes a circle in the 
Sphere of the fixed Stars equal-to the Orbit of the Earth. But this hy the 


Orbit, though very large in itfelf, if viewed from the Stars, would anne faa. 
appear no bigger than a point; and confequently, the circle defcribed ‘ill in the , 
in the Sphere of the Stars by the Axis of the Earth produced, iffy fire 
viewed from the Earth, muft appear but as a point; that is, it's Pirchsavtwatle. 
meter appears too little to be meafured by obfervation: for Dr. fanding the 
Braptey has affured us, that if it had amounted to a fingle fecond, me 
or two at moft, he fhould have perceived it in the great number ofthe Sun, 
obfervations he has made, efpecially upon » Dragonis; and that it 
feemed to him very probable that the annual Parallax of this Star is 
not fo great as a fingle fecond: and confequently, that it is above 
400 thoufand times farther from us than the Sun. Hence the celeftial 
poles feem to continue in the fame points of the Heavens throughout 
the year; which by no means difproves the Earth’s annual motion, but 
plainly proves the diftance of the Stars to be exceeding great. 

197. The {mall apparent motion of the Stars § 113, difcovered by 
that great Aftronomer, he found to be no ways owing to their annual 
Parallax (for it came out contrary thereto) but to the Aberration of 
their light; which can refult from no known caufe befides that of the 
Earth’s annual motion; and as it agrees fo exactly therewith, it proves The amazing 
beyond difpute that the Earth has fuch a motion: for this Aber- Vlocity of 
ration compleats all it’s various Phenomena every year; and -proves 
that the velocity of ftar-light is fuch as carries it through a {pace 
equal to the Sun’s diftance from us in 8 minutes 13 feconds of 
time. Hence, the velocity of light is + 10 thoufand 210 times as 


ht. 


lio 


* By this is mearit, that if a line be fuppofed to be drawn parallel to the Earth’s Axis 
in any part of it’s Orbit, the Axis keeps parallel to that line in every other part of it’s 
Orbit: asin Fig. 1. of Plate V; where abcdefgh reprefents the Earth’s Orbit in an oblique 
view, and Ns the Earth’s Axis keeping always parallel to the line A7N. 

¢ SmitTH’s Optics, § 1197. 
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great as the Earth’s velocity in it’s-Orbit ; which velocity (from what 
we know already of the Earth’s diftance from the Sun) may be af- 
ferted to be at leaft between 57 and 58 thoufand miles every hour: 
and fuppofing it to be 58000, this number multiplied by the above 
10210, gives 592 million 180 thoufand miles for the hourly motion of 
light: which laft number divided by 3600, the number of feconds in 
an hour, fhews that light flies at the rate of more than 164 thou- 
fand miles every fecond of time, or {wing of a common clock pen- 
dulum. 


GrHyA By xX, 


The Circles of the Globe defcribed. The different lenghts of 
days and nights, and the viciffitudes of feafons, explained. 
The explanation of the Phenomena of Saturn's Ring con- 


cluded. (See § 81 and 82.) 


198. ] F the reader be hitherto unacquainted with the principal circles 
of the Globe, he fhould now learn to know them; which he 

may do fufficiently for his prefent purpofe in a quarter of an hour, if 
he fets the ball of a terreftrial Globe before him, or looks at the F igure 
of it, wherein thefe circles are drawn and named. The Eguator is 
that great circle which divides the northern half of the Earth from 
the fouthern. "The Yrofies are lefler circles parallel to the Equator, 
and each of them is 234 degrees from it; a degree in this fenfe being 
the 360th part of any great circle which divides the Earth into two 
equal parts. The Tropic of Cancer lies on the north fide of the Equator, 
and the Tropic of Capricorn on the fouth. The Arétic Circle has the 
North Pole for it’s center, and is juft as far from the north Pole as the 
Tropics are from the the Equator: and the Autaréctic Circle (hid by the 
fuppofed convexity of the Figure) is juft as far from the South Pole, 
every way round it. ‘Thefe Poles are the very north and fouth points 
of the Globe: and all other places are denominated zorthward or fouth- 
ward, according to the fide of the Equator they lie on, and the Pole 
to which they are neareft. The Earth’s Axis is a ftraight line paffing 
through the center of the Earth, perpendicular to the Equator, and 
terminating in the Poles at it’s furface. This, in the real Earth and 
Planets is only an imaginary line; but in artificial Globes or Planets it 
is. a wire by which they are fupported, and turned round in Orreries, 
I or 
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or fuch like machines, by wheel-work. ‘The circles 12. 1. 2. Bi5 RLATE IV. 
&e. are Meridians to all places they pafs through ; and we mutt fup- Meridians. 
pofe thoufands more to be drawn, becaufe every place that is ever fo 
little to the eaft or weft of any other place, has a different Meridian 
from that other place. All the Meridians meet in the Poles; and 
whenever the Sun’s center is pafling over any Meridian, in his apparent 
motion round the Earth, it is mid-day or noon to all places on that 
Meridian. 

199. The broad Space lying between the Tropics, like a girdle fur- 
rounding the Globe, is called the torrid Zone, of which the Equator is Zones, 
in the middle, all around. The Space between the Tropic of Cancer 
and Arctic Circle is called the North temperate Zone. That between 
the Tropic of Capricorn and the Antar@ic Circle, the Souzh temperate 
Zone. And the two circular Spaces bounded by the Polar Circles are 
thetwo Frigid Zones; denominated north or fouth, from that Pole which 
is in the center of the one or the other of them. 


200. Having acquired this eafy branch of knowledge, the learner 
may proceed to make the following experiment with his terreftrial 
ball; which will give him a plain idea of the diurnal and annual 
motions of the Earth, together with the different lengths of days and 
nights, and all the beautiful variety of feafons, depending on thofe 
motions. 

Take about feven feet of {trong wire, and bend it into a circular Fig. IV. 
form, as abcd, which being viewed obliquely, appears elliptical as in A pleafant 
the Figure. Place a lighted candle on a table, and having fixed one gor a. 
end of a filk thread K, to the north pole of a finall terreftrial Globe different 
Hf, about three inches diameter, caufe another perfon to hold the wire He wee 
circle fo that it may be parallel to the table, and as high as the flame eta and 
~of the candle J, which fhould be in or near the center. Then, having ee of 
twifted the thread as towards the left hand, that by untwifting it may“ °"* 
turn the Globe round eaftward, or contrary to the way that the hands 
of a watch move; hang the Globe by the thread within this circle, 
almoft contiguous to it; and as the thread untwifts, the Globe (which 
is enlightened half round by the candle as the Earth is by the Sun) 
will turn round it’s Axis, and the different places upon it will be 
carried through the light and dark Hemifpheres, and have the appear- 
ance of a regular fucceflion of days and nights, as our Earth has 
in reality by fuch a motion. As the Globe turns, move your hand 
flowly fo as to carry the Globe round the candle accordingto the order 
of the letters abcd, keeping it’s center even with the wire circle ; and 
you 





Summer Sol- 
ft.ce, 
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you will perceive, that the candle being ftill perpendicular to the Equa- 
tor will enlighten the Globe from pole to pole in it’s motion round 
the circle; and that every place on the Globe goes equally through 
the light and the dark, as it turns round by the untwifting of the 
thread, and therefore has a perpetual Equinox. The Globe thus turn- 
ing round reprefents the Earth turning round it’s Axis; and the motion 
of the Globe round the candle reprefents the Earth’s annual motion 
round the Sun, and fhews, that if the Earth’s Orbit had no inclination 
to it’s Axis, all the days and nights of the year would be equally long, 
and there would be no different feafons. But now, defire the per- 
fon who holds the wire to hold it obliquely in the pofition ABCD, 
raifing the fide $6 juft as much as he deprefies the fide W,.that the 
flame may be ftill in the plane of the circle; and twifting the thread 
as before, that the Globe may turn round it’s Axis the fame way as 
you carry it round the candle; that is, from weft to eaft, let the Globe 
down into the lowermoft part of the wire circle at WW, and if the circles 
be properly inclined, the candle will fhine perpendicularly on the 'Tro- 
pic of Cancer, and the frigid Zone, lying within the aréfze or north 
polar Circle, will be all in the light, as in the Figure; and will keep 
in the light let the Globe turn round it’s Axis ever fo often. From the 
Equator to the north polar Circle all the places have longer days and 
fhorter nights; but fromthe Equator to the fouth polar Circle juft the 
reverfe. The Sun does not fet to any part of the north frigid Zone, 
as fhewn by the candle’s fhining on it fo that the motion of the Globe 
can carry no place of that Zone into the dark: and at the fame time the 
fouth frigid Zone is involved in darknefs,.and the turning of the Globe 
brings none of it’s places into the light.. If the Earth were to con- 
tinue in the like part of-it’s Orbit, the Sun would never fet to the inha- 
bitants of the north frigid Zone, nor rife to thofe of the fouth. At the 
Equator it would be always equal,day and night; and as the places 
are gradually more and more diftant from the Equator, towards the 
arctic Circle, they would have longer days and fhorter nights, whilft 
thofe on the fouth fide of the Equator would. have their nights longer 
than their days. In this cafe there would be.continual fummer on the 
north fide of the Equator, and continual winter on the fouth fide of it. 
But,as the Globe turns round it’s Axis, move your hand flowly for- 
ward fo.as to carry the Globe from H towards E,: and the boundary of 
light and darknefs .will approach towards the north Pole, and .recede 
towards, the fouth Pole; the northern places will go. through, lefs and 
lefs of the light, and the fouthern places through more and more of 
it. fhewing how the northern days decreafe in length, and the foutherp 
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days increafe, whilft the Globe proceeds from. H to F. When thepLaTety. 
Globe is at #, it is at a mean ftate between the loweft and higheft Autumnal 
parts of it’s Orbit ; the candle is direétly over the Equator, the boundary Equinox. 
of light and darknefs juft reaches to both the Poles, and all places on 
the Globe go equally through the light and dark Hemifpheres, fhew- 
ing that the days and nights are then equal at all places of the Earth, 
the Poles only excepted ; for the Sun-is then fetting to the north Pole, 
and rifing to the fouth Pole. 

Continue moving the Globe forward, and as it goes through the 
quarter 4, the north Pole recedes {till farther into the dark Hemufphere, 
and the fouth Pole advances more into the light, as the Globe comes 
nearer to 95; and when it comes there at F, the candle is directly 
over the Tropic of Capricorn, the days are at the fhorteft, and nights 
at the longeft, in the northern Hemifphere, all the way from the 
Equator to the arctic Circle; and the reverfe in the fouthern Hemi- Winter sol. 
{phere from the antarétic Circle ; within which Circles it is dark to the'ti¢: 
north frigid Zone and light to the fouth. 

Continue both motions, and as the Globe moves through the quarter 
B, the north Pole advances» toward the light, and the-fouth Pole 
recedes as faft from it; the days lengthen in the northern Hemifphere, 
and fhorten in the fouthern ; and when the Globe comes to G the 
candle will be again over the Equator (as when the Globe was at EZ) 
and the days and nights will again be equal as formerly: and the 


north Pole will be juft coming into the light, the fouth Pole going out Vernal Equi- 
= nox. 
of it. 


Thus we fee the reafon why the days lengthen and fhorten from 
the Equator to the polar Circles every year; why there is no day or 
night for feveral turnings of the Earth, within the polar Circles; why 
there is but one day and one night in the whole year at the Poles; and 
why the days and nights are equally long all the year round at the 
Equator, which is always equally cut by the circle bounding light and 
darknefs. 


201. The inclination of an Axis or Orbit is'merely relative, becaufe Remark. 
we compare it with fome other Axis or Orbit which we confid 

as not inclined at all. Thus, our Horizon being level to us what- 

ever place of the Earth we are upon, we confider it-as having no 
inclination ; and yet, if we travel’ go degrees from that place, we Fig. UI. 
{hall then have an Horizon perpendicular to the former; but it 

will {till be level to us,» And, if this Book be held fo ‘that the 
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PLATE V.* Circle ABCD be parallel to the Horizon, both the Circle acd, and 


A concife 
view of the 
feafons. 


Rig. IL 


the Thread or Axis K will be inclined to it. But if Book or Plate be 
held, fothat the Thread be perpendicular to the Horizon, then the Orbit 
ABCD will be inclined to the Thread, and the Orbit abcd perpendi- 
cular to it, and parallel to the Horizon. We generally confider the 
Earth’s annual Orbit as having no inclination, and the Orbits of all the 
other Planets as inclined to it § 20. 


202. Let us now take a view of the Earth in it’s annual courfe round 
the Sun, confidering it’s Orbit as having no inclination; and it’s Axis 
as inclining 234 degrees from a line perpendicular to it’s Orbit, and 
keeping the fame oblique direction in all parts of it's annual courfe; or, 
as commonly termed, keeping always parallel to itfelf § 196. 

Let 2,b,c,d,e,fig,h be the Earth in eight different parts of it's Orbit, 
equidiftant from one another; Ns it’s Axis, N the north Pole, s the 
fouth Pole, and S the Sun nearly in the center of the Earth’s Orbit 
§ 18. As the Earth goes round the Sun according to the order of the 
letters abcd, &cc. it’s Axis Ns keeps the fame obliquity, and is ftill 
parallel to the line MNs. When the Earth is at a, it’s north Pole 
inclines toward the Sun, and brings all the northern places more into 
the light than at any other time of the year. But when the Earth is 
at e in the oppofite time of the year, the north Pole declines from the 
Sun, which occafions the northern places to be more in the dark than 
in the light; and the reverfe at the fouthern places, as is evident by 
the Figure, which I have taken from Dr. Lone’s Aftronomy. When 
the Earth is either at ¢ or g, it’s Axis inclines not either to or from 
the Sun, but lies fidewife to him; and then the Poles are in the 
boundary of light and darknefs; and the Sun, being directly over the 
Equator, makes equal day and night at all places. When the Earth 
is at Bit is half way between the Summer Solftice and Harveft Equinox; 
when it is at d it is half way from the Harveft Equinox to the Winter 
Solftice ; at f half way from the Winter Solftice to the Spring Equinox > 
and at b half way from the Spring Equinox to the Summer Solftice. 

203. From this oblique view of the Earth’s Orbit, let us fuppofe 
ourfelves to be raifed far above it, and placed juft over-it’s center S, 
looking down upon it from it’s north pole ; and as the Earth’s Orbit 
differs. but very little from a Circle, we fhall have it’s figure in fuch a 

* All Circles appear ellipfes im an oblique view, as is evident by looking obliquely at 
the rim of a bafon. For the true figure of a Circle can only be feen when the eye is 


direétly over it’s center. The more obliquely it is viewed, the more elliptical it appears, 
until the eye be in the fame plane with it, and then it appears like a ftraight line. 


i wiew 
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view reprefented by the Circle ABCDEFGH. Let us fuppofe thisPLATE V. 
Circle to be divided into 12 equal parts called Szgms, having their The Ecliptic. 
names affixed to them; and each Sign into 30 equal parts called 
Degrees, numbered 10, 20, 30, as in the outermoft Circle of the 
Figure, which reprefents the great Ecliptic in the Heavens. The The tafons 
Earth is {hewn in eight different pofitions in this Circle, and in each apie 
pofition AZ is the Equator, T the Tropic of Cancer, the dotted Cirele of the Earth, 
the parallel of London, U the arGtic or north polar Circle, and P the and it’s Orbit. 
north Pole where all the Meridians or hour Circles meet § 198. As 
the Earth goes round the Sun the north Pole keeps conftantly towards 
one part of the Heavens, as it keeps in the Figure towards the right 
hand fide of the Plate. 
When the Earth is at the beginning of Libra, namely on the 20th of 
March, in this Figure (as at g in Fig. I.) the Sun S$ as feen from 
the Earth appears at the beginning of Aries in the oppofite part of Vernal Equi- 
the Heavens *, the north Pole is juft coming into the light, the Sun” 
is vertical to the Equator ; which, together with the Tropic of Cancer, 
parallel of London, and arétic Circle, are all equally cut by the Circle 
bounding light and darknefs, coinciding with the fix o'clock hour 
Circle, and therefore the days and nights are equally long at all 
places: for every part of the Meridian A&TZa comes into the light at 
fix in the morning, and revolving with the Earth according to the order 
of the hour-letters, goes into the dark at fix in the evening. ‘There are 
24 Meridians or hour-Circles drawn on the Earth in this Figure, to fhew 
the time of Sun rifing and fetting at different Seafons of the Year. 
As the Earth moves in the Ecliptic according to the order of the 
letters ABCD, &c. through the Signs Libra, Scorpio, and Sagittarius, 
the north Pole comes more and more into the light; the days increafe 
as the nights decreafe in length, at all places north of the Equator 4; 
which is plain by viewing the Earth at 4 on the 5th of May, when it 
is inthe 15th degree of Scorpio +, and the Sun as feen from the Earth 
appears in the 15th degree of Taurus. For then, the Tropic of Can- Fig. II. 
cer J is in the light from a little after five in the morning till almoft 
feven in the evening; the parallel of London from half an hour patt 
four till half an hour paft feven ; the polar Circle U from three till 
nine; and a large track round the north Pole P has day all the 24 
hours, for many rotations of the Earth on it’s Axis. 


* Here we mutt fuppofe the Sun to be no bigger than an ordinary point (as - ) be- 
caufe he only covers a Circle half a degree in diameter in the Heavens ; whereas in the 
figure he hides a whole fign at once from the Earth. 

+ Here we muft fuppofe the Earth to be a much fmaller point than that in the pre- 
ceding note marked for the Sun. 
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When the Earth comes to ¢, at the beginning of Capricorn, and the 

i Sun as feen from the Earth appears at the beginning of Cancer, on 

the 21ft of ‘Fume, as in this Figure, it is in the pofition-a in Fig. I; 

and it’s north Pole inclines toward the Sun, fo as to bring all the north 

frigid Zone into the light, and the northern parallels of Latitude more 

into the light than the dark from the Equator to the polar Circles; 

| and the more fo as they are farther from the Equator. The Tropic 

of Cancer is in the light from five in the morning till feven at night, 

the parallel of London from a quarter before four till a quarter after 

eight; and the polar Circle juft touches the dark, fo that-the Sun 

Summer Sol. has only the lower half of his Dife hid from the inhabitants on that 

fice, Circle for a few minutes about midnight, {uppofing no inequalities in 
the Horizon and no Refraétions. 

A bare view of the Figure is enough to fhew, that as the Earth 

advances from Capricorn toward Aries, and the Sun appears to move from 

Cancer. toward Libra, the north Pole recedes toward the dark, which 

caufes the days to decreafe, and the nights to increafe in length, till 

Autumnal the Earth comes to Aries, and then they are equal as before; for the 

oe age be boundary of light and darknefs cut the Equator and all it’s parallels 

equally, or in halves. ‘The north pole then goes into the dark, and 

continues therein until the Earth goes half way round it’s Orbit; or, 

from the 23d of September till the 20th of March. In the middle 

between thefe times, vz. on the 22d of December, the north Pole is 

as far as it can be in the dark, which is 232 degrees, equal: to the 

Winter Sol- inclination of the Earth’s Axis from a perpendicular to it’s Orbit: and 

ee then, the northern parallels are as much in the dark as they were in 

| the light on the 21 of Yune; the winter nights, being as long as the 

fummer days, and the winter days as fhort as the fummer nights. 

It is needlefs to multiply words on this fubject, as we fhall have occa- 

fion to mention the feafons again in defcribing the Orrery, § 439. 

Only this muft be noted, that all that has been: faid of the northern 

Hemifphere, the contrary muft be underftood of the fouthern ; for 

on different fides of the Equator the feafons are contrary, becaufe, 


when the northern Hemifphere inclines toward. the Sun the fouthern 
declines from him. 


The Pheno- 204. As Saturn goes round the Sun, his obliquely pofited ring, like 
se piso our Earth’s Axis, keeps parallel to itfelf, and is therefore turned edge- 
" wife to the Sun twice in a Saturnian year, which is almoft as lone 

as 30 of our years. § 81. But the ring, though confiderably broad, 


#s too thin to be feen when it is turned round edgewife to the Sun, at 
which; 
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which time it is alfo edgewife to the Earth; and therefore it difap- PLATE V. 


pears once in every fifteen years to us. As the Sun fhines half a year 
on the north pole of our earth, then, difappears to it, and fhines as 
long on the fouth pole; fo, during one half of Saturn’s year the Sun 
fhines on the north fide,of his ring, then difappears to it, and {hines 
as long on it’s fouth fide.» When the Earth’s Axis inclines neither to 
nor from the Sun, but» fidewife to him, he inflantly ceafes to fhine 
on one pole, and begins. to enlighten the other; and when Saturn’s 
Ring inclines neither to nor from the Sun, but fidewife to him, he 
ceafes to fhine on the one’ fide of it, and begins to fhine upon the 
other. 


Let S be the Sun, ABCDEFGH Saturn’s Orbit, and IKLMNOFiz. Ul. 


the Earth’s Orbit. Both Saturn and the Earth move according to the 
order of the letters, and when Saturn is at / his ring. is turned edge- 
wife to the Sun S$, and he is then feen from the Earth as if he had loft 
his ring, let the Earth be in any part of it’s Orbit whatever, except be- 
tween Nand O; for whilft it defcribes that {pace, Saturn is apparently fo 
near the Sun as to be hid in his beams.. As Saturn goes from 4 to 
C his ring appears more and more open to the Earth: at ¢ the ring ap- 
pears moft open of all; and feems to grow narrower and narrower as Sa- 
turn goes from C to E; and when he comes to #, the ring is again 
turned edgewife both to the Sun.and Earth:;.and as neither of it’s 
fides are illuminated; it is invifible to us, becaufe it’s edge is too thin 
to be perceptible : and Saturn appears again as if he had loft his ring. 
But as he goes from E to G, his ring opens.more and more to our 
view on the under fide; and feems juft as open at.G as it was at C; 
and may be feen in the night-time, from the Earth in any part of it’s 
Orbit, except about , when the Sun hides the Planet from our view. 
As Saturn goes from G to A his ring turns. more and more edgewife 
to us, and therefore it feems to grow narrower and narrower; and at 
A it difappears as before. Hence, while Saturn goes from 4 to E 
the Sun fhines on the upper fide of his ring, and, the under fide is 
dark; but whilf he goes from E to. 4 the Sun fhines on the under 
fide-of his ring, and the upper fide is dark. 

It may perhaps be imagined that this Article might have been placed 
more properly after § 81 than here: but when.the candid reader con- 
fiders that all the various Phenomena of Saturn's Ring depend upon 
a caufe fimilar to that of our Earth’s feafons, he will readily allow 


that’ they are beft explained together; and that the two Fioures ferve Fig. I and II. 


to illuftrate each other. 
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ther is coldeft 
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Karth is near- 
eft the Sun. 


Fig. I. 
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205. The Earth’s Orbit being elliptical, and the Sun conftantly 
keeping in it’s lower Focus, which is 1,377,000 miles from the middle 
point of the longer Axis, the Earth comes twice fo much, or 
2,754,000 miles nearer the Sun at one time of the year than at an- 
other: for the Sun appearing under a larger Angle in our winter 
than {ummer, proves that the Earth is nearer the Sun in winter, (ee 
the Note on Art. 135.) But here, this natural queftion will arife, 
Why have we not the hotteft weather when the Earth is neareft the 
Sun? In anfwer it muft be obferved, that the excentricity of the 
Farth’s Orbit, or 1 million 377 miles bears no greater proportion 
to the Earth’s mean diftance from the Sun than 17 does to 1000; 
and therefore, this {mall difference of diftance cannot occafion any 
great difference of heat or cold. But the principal caufé of this dif. 
ference is, that in winter the Sun’s rays fall fo obliquely upon us, 
that any given number of them is fpread over a much greater por- 
tion of the Earth’s furface where we live; and therefore each point 
muft then have fewer rays than in fummer. Moreover, there 
comes a greater degree of cold in the long winter nights, than there 
can return of heat in fo fhort days; and on both thefe accounts the 
cold muft increafe. “But in fummer the Sun’s rays fall more per- 
pendicularly upon us, and therefore come with greater force, and in 
greater numbers on the fame place; and by their long continuance, 
a much greater degree of heat is imparted by day than can fly off by 
night. 

sb. That a greater number of rays fall on the fame place, when 
they come perpendicularly, than when they come obliquely on it, 
will appear by the Figure. For, let 4B be a certain number of the 
Sun’s rays falling on CD (which, let us fuppofe to be London) on 
the 22d of Yune: but, on the 22d of December, the line CD, or 
London; has the oblique pofition Gd to the fame rays; and therefore 
{carce a third part of them falls upon it, or only thofe between 4 and 
e; all the reft eB being expended on the {pace dP, which is more 
than double the length of CD or Cd. Befides, thofe parts which are 
once heated, retain the heat for fome time ; which, with the addi- 
tional heat daily imparted, makes it continue to increafe, though the 
Sun declines toward the fouth: and this is the reafon why uly. is 
hotter than Fune, although the Sun has withdrawn from the fummer 
Tropic ; as we find it is generally hotter at three in the afternoon, 
when the Sun has gone toward the weft, than at noon when he is 
on the Meridian. Likewife, thofe places which are well cooled re- 
quire time to be heated again; for the Sun’s rays do not heat even 
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The Method of finding the Longitude, &c. 


the furface of any body till they have been fome time upon it. 
And therefore we find ‘fanuary for the moft part colder than De- 
cember, although the Sun has withdrawn from the winter Tropic, and 
begins to dart his beams more perpendicularly upon us, when we 
have the pofition CF. An iron bar is not heated immediately upon 
being put into the fire, nor grows cold till fome time after it has 
been taken out. 


So A Oe at 


The Method of finding the Longitude by the Echpfes of 
Fupiter’s Satellites: The amazing Velocity of Light 
demonftrated by thefe Echip/es. 


207. tes on Hy eee arbitrarily choofe to call the Meridian of fome Firk Meridi- 
remarkable place the fir Meridian. There they begin ind Lon- 

their reckoning; and juft fo many degrees and minutes as any other ee peli 
place isto the eaftward or weftward of that Meridian, fo much eaft or weft 
Longitude they fay it has. A degree is the 360th part of a Circle, be 
it great or fmall; and a minute the 6oth part of a degree. The Ex- 
glifo Geographers reckon the Longitude from the Meridian of the Royal 
Obfervatory at Greenwich, and the French from the Meridian of Paris. 

208. If we imagine twelve great Circles, one of which is thePLATE V. 
Meridian of any given place, to interfect each other in the two Poles Fig. 11. 
of the Earth, and to cut the Equator AZ at every 15th degree, they 
will be divided by the Poles into 24 Semicircles which divide the 
Equator into 24 equal parts; and as the Earth turns on it’s Axis, 
the planes of thefe Semicircles come fucceffively after one another every Hour Circles. 
hour to the Sun. Asin an hour of time there is a revolution of 
15 degrees of the Equator, in a minute of time there will be a revolu- 
tion of 15 minutes of the Equator, and in a fecond of time a revolu-4n hour of 
tion of 15 feconds. ‘There are two tables annexed to this Chapter, for ip ie a 
reducing mean folar time into degrees and minutes of the terreftrial motion. 
Equator ; and alfo for converting degrees and parts of the Equator into: 
mean folar time. 

209. Becaufe the Sun enlightens only one half of the Earth at once, 
as it turns round it’s Axis he rifes to fome places at the fame moments: 
of abfolute Time that he fets to others; and when it is mid-day to 
fome places, it is mid-night to others. 'The XII on the middle of the 
Earth’s enlightened fide, next the Sun, ftands for mid-day; and the 
oppofite 
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oppofite XII on the middle of the dark fide, for mid-night.’ If we 
fuppofe this Cirele of hours to’ be fixed in the planevof the Equinoc- 
tial, and the Farth to turn round within it, any particul ar Meridian will 
come to the different hours fo, as to fhew the true time of the day or 
night at all places on that Meridian. Therefore, 

210. To every place 15 degrees eaftward from any given Meridian, 
it is noon an hour fooner than on that Meridian ; becaufe their Meri 
dian comes to the Sun an hour fooner: and te “ places 15 degrees 
wettward it | is noon an hour later § 208,, becaufe their Meridian comes 
an hour later to the Sun; and fo. on: every 15 degrees of motion 
caufing an hour’s difference in time. Therefore they who have noon 
an hour later than we, have their Meridian, that is, their Longitude 
15 degrees weftward from us; and they who have noon an hour Rote 
than we, have their Meridian 15 degrees eaftwatd from ours: and fo 
for every neo § dif fference of time 15 degrees difference of L ongittide. 


¢ onfeque ntly, if the beginning or ending of a Lunar Eclipfe be ob- 


(erved, fuppofe at London, ‘to be exactly at mid«night; and in fome 
other place at 11 at night, that place is 15 degrees wettw ard from the 
Meridian ‘of Dondon : -if thé 4 fame Eclipfe be obferved at one in the 
morning atanother place, that place is 15 degrees eaftward from>the 
{aid Meridian: 

‘211. But as it is note afy to determine the exact moment either of 
the beginning or ending of a Lunar Eclipte, becaufe the Earth’s 
(hac bye throug! Jwhich the Moon pafies is faint and ill defined ‘about 
the lees ; we have recourfe to the Ech ples of Jupiter's Satellites, 
‘hich dit appear {o inftantancoufly as’ they enter into Jupiter's thadow, 
and emerge fo fuddenly out of it, that we may fix the phenomenon 
to half a fecond of time. The firft or nae Satellite to ester is the 
moft advantageous for this purpofe, ‘becaule it's motion is ¢ quicker than 
the motion of any of the reft, and therefore it’s iramerfions and emer< 
fions are more frequent. 


‘ ry . * ryt - ° 
212. The Mvgh/p Aftronomers have made Tables for fhewine the 
times of the Iclipfes of Jupiter's Satellites to great precifion, for the 


Meridian of Green ich, Now, ‘let an obferver, nig has thefe Tables 
with a a Pood ‘J ‘ele{cope and a We ll-reg lated Cloc k at. any other place 


eof the Earth, obferve the be ginning or ending of an Ecli lipfe of on 


of Jupiter's Satellites, and note the precife moment of time that “i 
{aw the Satellite either immerge into, or emerge out of the fhadow, 
and compare that time with the time {hewn by the Tables for Green. 
wichs then, 36 5 degrees difference of |] ongitude being allowed‘for every 

I hour's 
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hhour’s difference of time, will give the Longitude of that place fromPLATE Vv. 
Greenwich, as above § 210; and if there be any odd minutes of time, 

for every minute a quarter of .a degree, eaft or weft muft be allowed, 

as the time of obfervation is before or after the time fhewn by the 

Tables. Such Eclipfes are very convenient for this purpofe at land, 

becaufe they happen almoft every day; but are of no ufe at fea, becaufe 

the rolling of the fhip hinders ali nice telefcopical obfervations. 

213. To explain this by a Figure, let 7F be Jupiter, K, L, M, Nrig. o. 

his four Satellites in their refpective Orbits 1, 2, 93-4 Hrandsletithe 
Earth be at f (fuppofe in November, although that month is no other- 
ways material than to find the Earth readily in this f{cheme, where it Iluftrated by 
is fhewn in eight different parts of it’s Orbit.) Let Q be a place on™ “Plc. 
the Meridian of Greenwich, and Ra place on fome other Meridian. 
Let a perfon at  ob/erve the inftantaneous vanifhing of the firft Sa- 
tellite AC into Jupiter’s fhadow, fuppofe at three o'clock in the morning; 
but by the Tables he finds the immerfion of that Satellite to be at mid- 
night at Greenwich : he can then immediately determine, that as there 
are three hours difference of time between 2 and R, and that R is 
three hours forwarder in reckoning than Q, it muft be 45 degrees of 
eaft Longitude from the Meridian of 2. Were this method as prac- 
ticable at fea as at land, any failor might almoft as eafily, and with 
equal certainty, find the Longitude as the Latitude. 

214. Whilft the Earth is going from C to F in it’s Orbit, only the Fig. 11. 
immerfions of Jupiter’s Satellites into his fhadow are generally feen; We feldom 
and their emerfions out of it while the Earth goes from G to B. In-e the uae 
deed, both thefe appearances may be feen of the fecond, third, ands eo an. 
fourth Satellite when eclipfed, whilft the Earth is between D and BE, Eclipe of any 
or between G and 4; but never of the firft Satellite, on account of they, J¢?"" 
fmallnefs of it’s Orbit and the bulk of Jupiter; except only when Ju- . 
piter is directly oppofite to the Sun; that is, when the Earth is at g£: 
and even then, ftrictly fpeaking, we cannot fee either the immerfions 
or emerfions of any of his Satellites, becaufe his body being direétly be- 
tween us and his conical fhadow, his Satellites are hid by his body a few 
moments before they touch his fhadow ; and are quite emerged from 
thence before we can fee them, as it were, juft dropping from him. 

And when the Earth is at c, the Sun being between it and Jupiter hides 
both him and his Moons from us. 

In this Diagram, the Orbits of Jupiter’s Moons are drawn in true 
proportion to his diameter; but, in proportion tothe Earth’s Orbit they 
are drawn 81 times too large. 


N 215. In 
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PLATEVI- 215. In whatever month of the year Jupiter is in conjunction with 
Jupiter’s con-the Sun, or in oppofition to him, in the next ‘year it will be a month 
junGionswith Jater at leaft. For whilft the Earth goes once round the Sun, Jupiter 
oe ations to defcribes a twelfth part of his Orbit. And therefore, when the Earth 
him, are every has finifhed it’s annual period from being in a line with the Sun and 
year in cite a) upiecr, it muft go as much forwarder as Jupiter has moved in that 
the Heavens. time, to overtake him again : juft like the minute hand of a watch, which 
muft, from any conjunction with the hour hand, go once round the 
dial-plate and fomewhat above a twelfth part more, to overtake the 
hour hand again. 






























216. It is found by obfervation, that when the Earth is between the 
Sun and Jupiter, as at g, his Satellites are eclipfed about 8 minutes 
fooner than they fhould be according to the Tables: and when the 
Earth is at B or C, thefe Eclipfes happen about 8 minutes later than 
the Tables predict them. Hence it is undeniably certain, that the 
motion of light is not inftantaneons, fince it takes about 164 minutes 
of time to go through a fpace equal to the diameter of the Earth’s 
Orbit, which is 162 millions of miles in length: and confequentl 
the particles of light fly about 164 thoufand 494 miles every fecond of 
time, which is above a million of times fwifter than the motion of a 

The furprif cannon bullet. And as light is 164 minutes in travelling acrofs the 

ing velocity Farth’s Orbit, it muft be 81 minutes in coming from the Sun to-us: 

ais therefore, if the Sun were annihilated we fhould fee him for 82 mi- 
nutes after; and if he were again created he would be 84 minutes old 
before we could fee him. 

Fig. V. 217. To illuftrate this progreffive motion of light, let 4 and B be 
the Earth: in two different parts of it’s Orbit, whofe diftance is 81 
millions of miles, equal to the Earth’s diftance from the Sun S$. It 

Illuftrated by is plain, that if the motion of light were inftantaneous, the Satellite x 

a Figure. would appear to enter into Jupiter’s thadow FF at the fame moment 
of time to a fpectator in 4 as to another in B. ' But by many years 
obfervations it has been found, that the immerfion of the Satellite into 
the fhadow is feen 8% minutes fooner when the Earth is at B, than 
when it isat 4. And fo, as Mr. Romer firft difcoyered, the motion 
of light is thereby proved to be progreffive, and not inftantaneous, 
as was formerly believed. It is eafy to compute in what time the 
Earth moves from 4 to B; for the chord of 60 degrees of any Circle 
is equal to the Semidiameter of that Circle; and as the Earth goes 
through all the 360 degrees of it’s Orbit in a year, it goes through 
60 of thofe degrees in about 61 days. ‘Therefore, if on any given 


I day, 








The Motion of Light demonftrated. 


day, fuppofe the firft of Sune, the Earth is at 4, on the firft of 
Auguft it will be at B: the chord, or ftraight line 4B, being equal to 
DS the Radius of the Earth’s Orbit, the fame with 4S it’s diftance 
from the Sun. 

218. As the Earth moves from-D to C, through the fide 4B of 
it’s Orbit, it is conftantly meeting the light of Jupiter's Satellites fooner, 
which occafions an apparent acceleration of their Eclipfes: and as it 
moves through the other half H of it’s Orbit, from C to D, it is 
receding from their light, which occafions an apparent retardation 
of their Eclipfes, becaufe their light is then longer ere it overtakes 
the Earth. 

219. That thefe accelerations of the immerfions of Jupiter’s Satel- 
lites into His fhadow, as the Earth approaches towards Jupiter, and 
the retardations of their emerfions out of his fhadow, as the Earth 
is going from him, are not occafioned by any inequality arifing from 
the motions of the Satellites. in excentric Orbits, 1s plain, becaufe it 
affects them all alike, in whatever parts of their Orbits they are eclipfed. 
Befides, they go often round their Orbits every year, and their motions 
are no way commenturate to the Earth’s. Therefore, a Phenomenon 
not to be accounted for from the real motions of the Satellites, but fo 
eafily deducible from the Earth’s motion, and fo anfwerable thereto, 
mutt be allowed to refult from it. This affords one very good proof 
of the Earth’s annual motion. 


220. TABLES 






























To convert Motion into Time, and the rever/e. 


220. TABLES for converting mean folar Time into Degrees and 
Parts of the terreftrial EguaTor; and alfo for converting De 
grees and Parts of the EquaTor into mean folar Time. 


Tasce I. For converting Time into} | Taste II. Fer converting Degrees and 
Degreces and Parts of the Equtor. Parts of the Equator into Time. 
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Of Solar and Sidereal Time. 


Thefe are the Tables mentioned in the 208th Article, and are fo eafy 
that they fcarce require any farther explanation than to inform the reader, 
that if, in Table I. he reckons the columns marked with Afterifks to 
be minutes of time, the other columns give the equatoreal parts or 
motion in degrees and minutes ; if he reckons the Afterifk columns to 
be feconds, the others give the motion in minutes. and feconds of the 
Equator; if thirds, in feconds and thirds: And if in Table II. he 
reckons the Afterifk columns to be degrees of motion, the others give 
the time anfwering thereto in hours and minutes ; if minutes of mo- 
tion, the time is minutes and feconds; if feconds of motion, the cor- 
refponding time is given in feconds and thirds. An example in each 
cafe will make the whole very plain. 


EXAMPLE I. Examp te II. 


In 10 hours 15 minutes 24 fe- In what time will 153 degrees 
conds 20 thirds, Q¢. How much | 51 minutes 5 feconds of the E- 
of the Equator revolves through the | quator revolve through the Meri- 





Meridian ? dian? 
Deg. M. S. evi sels 
Hours 10 150 0 Oln oye TO.) as Ob as 
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Min. 15 Bt As ato 3 12)! Ot 10 
Sée4 ¥24 6 of} Min. 51 ge ee 
Thirds 20 Bt Sec. tg 20 
Anfwer Geo 35. as 5 Anfwer 10 15 24 20 
Cid eA CP. ALT 
Of Solar and Sidereal Time. 
221. HE fixed Stars appear to go round the Earth in 23 hours Sidereal days 
56 minutes 4 feconds, and the Sun in 24 hours: fo ee 


the Stars gain three minutes 56 feconds upon the Sun every day, which and why. 
amounts to one diurnal revolution in a year; and therefore, in 365 
days as meafured by the returns of the Sun to the Meridian, there are 
366 days as meafured by the Stars returning to it: the former are called 
Solar Days, and the latter Szdereal. 
The diameter of the Earth’s Orbit is but a phyfical point in propor- 
tion to the diftance of the Stars; for which reafon, and the Earth’s uni- 


form motion on it’s Axis, any given Meridian will revolve irom any 
I Star 
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. PLATEIII. Star to the fame Star again in every abfolute turn of the Earth on it’s 
Axis, without the leaft perceptible difference of time fhewn by a 
clock which goes exactly true. 

{f the Earth had only a diurnal motion, without an annual, any 
given Meridian would revolve from the Sun to the Sun again in the 
{ame quantity of time as from any Star to the fame Star again; becaufe 
the Sun would never change his place with refpect to the Stars. But, 
as the Earth advances almoft a degree eaftward in it’s Orbit in the 
time that it turns eaftward round it’s Axis, whatever Star pafles over 
the Meridian on any day with the Sun, will pafs over the fame Meri- 
dian on the next day when the Sun is almoft a degree fhort of it ; that 
is, 2 minutes 56 feconds fooner. If the year contained only 360 days 
as the Ecliptic does 360 degrees, the Sun’s apparent place, {fo far as 
his motion is equable, would change a degree every day; and then the 
fidereal days would be juft four minutes fhorter than the folar. 

If. Let ABCDEFGHIKLM be the Earth’s Orbit, in which. it. goes 
round the Sun every year, according to the order of the letters, that 
is, from weft to eaft, and turns round it’s Axis the fame way from the 
Sun tothe Sun again every 24 hours. Let S be the Sun, and Ra 
fixed Star at fuch an immenfe diftance that the diameter of the 
Earth’s Orbit bears no fenfible proportion to that diftance. Let Nm be 
any particular Meridian of the Earth, and N a given point or place 
upon that Meridian. When the Earth is at 4, the Sun S_hides the 
Star R, which would always be hid if the Earth never removed from 

) A; and confequently, as the Earth turns round it’s Axis, the point VV 

would always come round to the Sun and Star at the fame time. But 
when the Earth has advanced, fuppofe a twelfth part of it’s Orbit from 
A to B, it’s motion round it’s Axis will bring the point NV a twelfth 
part of a day or two hours fooner to the Star than to the Sun; for the 
Angle NBzx is equal to the Angle 4SB -:and therefore, any Star which 
comes to the Meridian at noon with the Sun when the Earth is at 7, 
will come to the Meridian at 10 in the forenoon when the Earth is at 
B. When the Earth comes to C the point N will have the Star on 
it's Meridian at 8 in the morning, or four hours fooner than it comes 
round to the Sun; for it muft revolve from N tom, before it has the Sun 
in it’s Meridian. When the Earth comes to D, the point WV will have 
the Star on it’s Meridian at fix in the morning, but that point muft 
revolve fix hours more from N to 2, before it has mid-day by the Sun: 
for now the Angle 45D isa right Angle, and fo is NDu; thatis, the 
Earth has advanced go degrees in it’s Orbit, and muft turn go degrees 
on its Axis to carry the point NV from the Star to the Sun: for the 
Star 
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Star always comes 


to the Meridian |A Tas ie, fhewing how much of the Celeftial] 


when Nmis paral- Equator paffes over the Meridian in any part of} 
lel to RSA; be- a mean SoLAR Day; and how much the Fixep 
caufe DS is but a STARS gain upon the mean SoLar Timer every | 
point in refpectof | Day, for a Month. 

RS. When the 
Earth is at E, the 
Star comes to the 
Meridian at 4 in 
the morning; at 
F, at two in the 
morning; and at 
G, the Earth ha- 
ving gone half 
round it’s Orbit, 
NN points to the 
Star R at mid- 
night, being then 
directly oppofite 
to the Sun; and 
therefore, by the 
Earth’s — diurnal 
motion the Star 
comes tothe Me- 
ridian 12 hours 
before the Sun. 
When the Earth 
is at H, the Star 
comes to the Me- 
ridian at Io inthe 
evening; at J it 
comes to the Me- 
ridian at 8, that is, 
16 hours before 
the Sun; atK18 
hours before him ; 
at L 20 hours; 
at M/Z 22; and at 
A equally with 


the Sun again, 
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PLATEIII. 


An abfolute 
Turn of the 
Earth on it’s 
Axis never 

finifhes a 


f folar day. 


Fig. II. 


To know by 
the Stars 
whether a 
BMAci ene 
Clock goes 
true or not, 


Of Solar and Sidereal Time. 


222. Thus it is plain, that an abfolute turn of the Earth on it’s Axts 
(which is always completed when the fame Meridian comesto be parallel 


‘to it’s fituation at any time of the day before) never brings the fame 


Meridian round from the Sun to the Sun again; but that the Earth 
requires as much more than one turn on it’s Axis to finifh a natural 
day, as it has gone forward in that time; which, at a mean ftate is a 
365th part of a Circle. Hence, in 365 days the Earth turns 366 
times round it’s Axis; and therefore, as a turn of the Earth on it’s 
Axis compleats a fidereal day, there muft be one fidereal day more in 
a year than the number of folar days, be the number what it will, on 
the Earth, or any other Planet. One turn being loft with refpect 
to the number of folar days in a year, by the Planet’s going round 
the Sun; juft as it would be loft toa traveller, who, in going round 
the Earth, would lofe one day by following the apparent diurnal mo- 
tion of the Sun: and confequently, would reckon one day lefs at his 
return (let him take what time he would to go round the Earth) than 
thofe who remained all the while at the place from which he fet 
out. So, if there were two Earths revolving equably on their Axes, and 
if one remained at 4 until the other travelled round the Sun from 4 
to A again, that Earth which kept it’s place at 4 would have it’s folar 
and fidereal days always of the fame length; and fo, would have one 
folar day more than the other at it’s return. Hence, if the Earth 
turned but once round it’s Axis in a year, and if that turn was made 
the fame way as the Earth goes round the. Sun, there would be con- 
tinhal day on one fide of the Earth, and continual night on the other. 

223. The firft part of the preceding Table fhews how much of the 
celeftial Equator pafles over the Meridian in any given part of a mean 
folar day, and is to be underftood the fame way as the Table in the 
220th article. The latter part, intitled, 4ccelerations of the fixed Stars, 
affords us an eafy method of knowing whether or no our clocks and 
watches go true: For if, through a fmall hole in a window-fhutter, 
or in a thin plate of metal fixed to a window, we obferve at what 
time any Star difappears behind a chimney, or corner of a houfe, at a 
little diftance; and if the fame Star difappears the next night 3 minutes 
56 feconds fooner by the clock or watch; and on the fecond night, 7 
minutes 52 feconds fooner; the third night 11 minutes 48 feeonds 
fooner; and fo on, every night, as inthe ’Table, which fhews this dif- 
ference for 30 natural days, it is an infallible Sign that the machine 
goes true; otherwife it does not go true ; and mutt be regulated ac- 
cordingly : and as the difappearing of a Star is inftantaneous, we may 
depend on this information to half a fecond. 


CHAP. 










































































































































































































> 









































































































































2 


: L Ferguson inv. ebdelen? 7. Uynde fe 

















Of the Equation of Time. 




























Geri Ls ete: 
Of the Equation of Time. 


224. G Dine E, Earth’s motion on it’s Axis being perfectly uniform, and 
equal at all times of the year, the fidereal days are always 
precifely of the fame length; and fo would the folar or natural days be, 
if the Earth’s Orbit were a perfect Circle, and it’s Axis perpendicular 
to it’s Orbit. But the Earth’s diurnal motion on an inclined Axis, and The Sun and 
it’s annual motion in an elliptic Orbit, caufe the Sun’s apparent motion Le 
in the Heavens to be unequal : for fometimes he revolves from the days of the 
Meridian to the Meridian again in fomewhat lefs than 24 hours, fhewn Ye 
by a well regulated clock; and at other times in fomewhat more: fo 
that the time fhewn by an equal going clock and a true Sun-dial is 
never the fame but on the 1 sth of April, the 16th of “fune, the 3) ft 
of Auguji, and the 24th of December. "The clock, if it goes equally 
and true all the year round, will be before the Sun from the 24th of 
December till the 15th of April; from that time till the 16th of Yune 
the Sun will be before the clock; from the 16th of “une till the 31f 
of Auguft the clock will be again before the Sun; and from thence to 
the 24th of December the Sun will be fafter chan the clock. 

225. The Tables of the Equation of natural days, at the end of this Uf of the 

Chapter, fhew the time that ought to be pointed out by a well regu- ce 
lated clock or watch every day of the year at the precife moment of 
folar noon; that is, when the Sun’s centre is on the Meridian, or 
when a true Sun-dial fhews it to be precifely Twelve. Thus, on the 
5th of fanuary in Leap-year, when the Sun is on the Meridian, it 
ought to be 5 minutes 51 feconds paft twelve by the clock ; and on the 
15th of May, when the Sun is on the Meridian, the time by the clock 
fhould be but 55 minutes 57 feconds paft eleven: in the former cafe, 
the clock is 5 minutes 51 feconds beforehand with the Sun; and in 
the latter cafe, the Sun is 4 minutes 3 feconds fafter than the clock. 
The column at the right hand of each month fhews the daily dit 
ference of this equation, as it increafes or decreafes. But without a 
Meridian Line, or a 'Tranfit-Infirument fixed in the plane of the Me- 
ridian, we cannot fet a Sun-dial true. 


226. The eafieft and moft expeditious way of drawing a Meridian! mgs to draw 
Meridiax 
Line is this: Make four or five concentric Circles, about a quarter of}. 
O an 








Equation of 
natural days 
explained. 
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an inch from one another, on a flat board about a foot in breadth; 


. and let the outmoft Circle be but little lefs than the board will con- 


tain. Fix a pin perpendicularly in the center, and of fucha length 
that it’s whole fhadow may fall within the innermoft Circle for at leaft 
four hours in the middle of the day. The pin ought to be about an 
eighth part of an inch thick, with a round blunt point. The board 
being fet exactly level in a place where the Sun fhines, fuppofe from 
eight in the mornirig till four in the afternoon, about which hours the 
end of the fhadow fhould fall without all the Circles ; watch the times 
in the forenoon, when the extremity of the fhortening fhadow juft 
touches the feveral Circles, and ¢here’make marks.’ Then, in the 
fternoon of the fame day, watch the lengthening fhadow, and where 
it’s end touches the feveral Circles in going over them, make marks 
alfo.. Laftly, with a pair of compafies, find exactly the middle point 
between the two marks on any Circle, and draw a ftraight line from the 
center to that point; which Line will be covered at noon by the fhadow 
of a fmall upright wire, which fhould be put in the place of the pin. 
The reafon for drawing {everal Circles is, that in cafe one part of the 
day fhould prove clear, and the other part fomewhat cloudy, if you 
mifs the time when the point of the fhadow fhould touch one Circle, 
you may perhaps catch it in touching another. The beft time for draw- 
ing a Meridian Line in this manner is about the middle of fummer ; 
becaufe the Sun changes his Declination floweft and his Altitude 
fafteft in the longeft days. 

If the cafement of a window on which the Sun fhines at ncon be 
quite upright, you may draw a line along the edge of it’s fhadow on 
the floor, when the fhadow of the pin is exactly on the Meridian Line 
of the board: and as the motion of the fhadow of the cafement will be 
much more fenfible on the Floor, than that of the thadow of the pin 
on the board, you may know to a few feconds when it touches the 
Meridian Line on the floor; and fo regulate your clock for the day of 
obfervation by that line and the Equation Tables above-mentioned 


Syeede ase : 


pa) 


227. As the Equation of time, -or difference between the time 
fhewn by a well regulated Clock and a true Sun-dial, depends upon 
two caufes, namely, the obliquity of the Ecliptic, and the unequal 
motion of the Earth in it, we thall firt explain the effects of thefe 
caufes feparately confidered, and then the united effects refulting from 
their combination. 


228. The 
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228. The Earth’s motion on it’s Axis being perfectly equable, or PLATEVI. . 
always at the fame rate, and the * plane of the Equator being per- | 
pendicular to it’s Axis, ‘tis evident that in equal times equal por- 
tions of the Equator pafs over the Meridian ; and fo would. equal 
portions of the Ecliptic if it were parallel to or coincident with the 
Equator. But, as the Ecliptic is oblique to the Equator, the equable The firft part 
motion of the Earth carries unequal portions of the Ecliptic over the oe fae 
Meridian in equal times, the difference being proportionate to the iy ae 
obliquity ; and as fome parts of the Ecliptic are much more oblique 
than others, thofe differences are unequal among themfelves. There- 
fore, if two Suns fhould ftart either from the beginning of Aries or 
Libra, and continue to move through equal. arcs in equal times, one 
in the Equator, and the other in the Ecliptic, the equatoreal Sun 
would always return to the Meridian in 24 hours time, as meafured 
by a well regulated clock; but the Sun in the’ Ecliptic would re- 
turn to the Meridian fometimes fooner, and fometimes later than the 
equatoreal Sun; and only at the fame moments with him on four 
days of the year; namely, the zoth of March, when the Sun enters 
Aries; the 21ft of ‘fume, when he enters Cancer; the 23d of 
September, when he enters Libra; and the a1ft of December, when 
he enters Capricorn. But, as there is only one Sun, and his apparent 
motion is always in the Ecliptic, -let us henceforth call him the 
real Sun, and the other which is fuppofed to move in the Equator 
the fictitious; to which laft, the motion of a well regulated clock 
always an{wers. 

Let Zz 44 bethe Earth, ZPRz it’s Axis, abcde &c. the Equator, Fig. IL 

ABCDE &c. ‘the northern half of the Ecliptic from 9 to on 
the fide of the Globe next the eye, and MNOP &c. the fouthern 
half on the oppofite fide from < to 7. Let the points at 4, B; 
C, D, E, F, &c. quite round from °P to P again bound equal por- 
tions of the Ecliptic, gone through in equal times by the real Sun; 
and thofe at a, 6, ¢, d, e, f, &c. equal portions of the Equator 
defcribed in equal times by the fictitious Sun; and let Z92 be the 
Meridian. 

As the real Sun moves obliquely in the Ecliptic, and the fictitious 
Sun directly in the Equator, with refpect to the Meridian , a degree, 
or any number of degrees, between ‘P and F on the Ecliptic, muft 


es 


* If the Earth were cut along the Equator, quite through the center, the flat furface 
of this fe€tion would be the plane of the Equator; as the paper contained within any 
Circle may be juftly termed the plane of that Circle. 
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be nearer the Meridian ZPz, than a degree, or any correfponding 
number of degrees on the Equator from °P to f/; and the more fo, 
as they are the more oblique: and therefore the true Sun comes 
fooner to the Meridian whilft he is in the quadrant  F, than the 
fictitious Sun does in the quadrant ( /; for which reafon, the 
folar noon precedes noon by the Clock, until the real Sun comes 
to F, and the fictitious to /; which two points, being equidiftant 
from the Meridian, both Suns will come to it precifely at noon by the 
Clock. 

Whilft the real Sun defcribes the fecond quadrant of the Ecliptic 
FGHIKE from & to xy, he comes later to the Meridian every 
day, than the SCtitious Sun moving through the fecond quadrant of 
the Equator from f to <4; for the points at G, H, f, K, and L 
being farther from the Meridian than their correfponding points at 
g, 5, 1, k, and /, they muft be later of coming to it: and as both 
Suns come at the fame moment to the point <3, they come to the 
Meridian at the moment of noon by the Clock. 

In departing from Libra, through the third quadrant, the real Sun 
going through MZNOPQ towards Ve at R, and the fictitious Sun 
through mop towards 7, the former comes to the Meridian every day 
fooner than the latter, until the real Sun comes to Y, and the fiGitious 
to r, and then they both come to the Meridian at the fame time. 

Laftly, as the real Sun moves equably through STUVW, from 
V8 towards Y; and the fictitious Sun through stuvw, from 7 
towards (, the former comes later every day to the Meridian than the 
fatter, until they both arrive at the point :, and then they make 
noon. at the fame time with the clock.. | 


229. The annexed Table fhews how much the Sun is fafter or flower- 
than the clock ought to be,. fo far as the difference depends- upon the 
obliquity of the Ecliptic ; of which the Signs of the firft and third qua- 
drants are at the head-of the Table, and. their Degrees at the left hand; 
and in thefe the Sun is fafter than the Clock: the Signs of the fecond 
and fourth quadrants are at the foot of the Table, and their degrees at 
the right hand ; in. all which the Sun is flower’ than the Clock: fo 
that entering the Table with the given Sign’ of the Sun’s place at the 
head of the Table, and: the: Degree of his. place’‘in’ that Sign at the 
left hand ; or with the given Sign at the foot of the Table, and Degree 
at the right hand ; in the Angle of meeting is the number of minutes 
and feconds that the Sun is fafter or flower than the clock: orin other 
words, the quantity of time in which the real Sun, when in that: 


I part. 








part of the Ecliptic, 


Sun fafter Es re 
: later to the Meridian than the fictitious 
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and the patches at the beginnings of 
Aries, Cancer, Libra, and Capricorn, 
being alfo on the Equator, fhew that 
the two Suns meet there, and come to. 
the Meridian together. 

231. Let us fuppofe that there are two: little balls moving equably 











Sun flower than the Clock in 


round a celeftial Globe by clock-work, one always keeping in the , 


Ecliptic, and gilt with gold, to reprefent the real Sun; and the other 
keeping in the Equator, and filvered, to reprefent the fictitious Sun: 
and that whilft thefe balls move once round the Globe according to 
the order of Signs, the Clock turns the Globe 366 times round it’s 
Axis weftward. The Stars will make 366 diurnal revolutions from 
the brafen Meridian to it again ; and the two balls reprefenting the real 


and. fictitious Sun always going farther eaftward.from any given Star, 
| wall 


comes fooner or PLATE VI. 


t Isa Q] Sunin the Equator. Thus, when the 
7 Dee’ Sun’s place 1s 5 Taurus 12 degrees, 
a! he is g minutes 49 feconds fafter than 
é 46} geatmthe clock and when his place is % 
3 Ze| *3| Cancer 18 degrees, he is 6 minutes 2 
8 14] 27] feconds flower. 
; He zn 230. This part of the Equation of Fig. mL 
> 3c] 24] time may perhaps be fomewhat difficult 
[2 ? ae i to underftand bya Figure, becaufe both 
f 6 e1| 21 {| halves of the Ecliptic feem to be on 
3 6 35] 20}. the fame fide of the Globe; but it may 
: 9 4512 19) 12 be made very eafy to any perfon who 
1314 1119 s/s 45} 17} hasa real Globe before him, by putting 
is : - 5375 27) 10} {mall patches on every tenth or fifteenth 
ae Valo eels a i, | degree both of the Equator and Eclip- 
+? 5 ” 5514 31 15 tic; and then, turning the ball flowly 
19 |s ; ri ahs so} | round weftward, he will fee all the 
2016 io 3 321 10] patches from Aries to Cancer come to 
mi ; af ibe Rae the brazen Meridian fooner than. the 
AB OEs » 30} +f correfponding patches on the Equator ; 
” 7. 9 2 9f 6| all thofe from Cancer to Libra will come 
26 1k ; i >| Jater to the Meridian than their cor- 
2747 ‘) 15 3+ refponding patches on the Equator, 
oN bA BEL: ° 43, 2) thofe from Libra to Capricorn fooner, 
29 18 13 O22 I : : 
30 18 24 o of o| and thofe from Capricorn to Aries later: 
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- 4 Mf 1 pS | Y AITeErIT = eel . AS r Afi6 aar 
ATEVI. will’ come later than it to the Meridian every followins Gay ; and each 


ball will make 365 revolutions to the Meridian ;~coming equally to 
it at the beginnings of Aries, Cancer, Libra, and Capricorn: but 
in every other point of the Ecliptic, the gilt ball will come either fooner 
or later to the Meridian than the filvered ball, like ‘the patches above- 
mentioned. ‘This would be a pretty-enough way of fhewing the 
reafon why any given Star, which, on a certain day of the year, 
comes to the Meridian with the Sun, pafles over it fo much fooner 
every following day, as on that day twelvemonth to come to the Me- 
ridian with the Sun again; and alfo to fhew the reafon why the real 
Sun comes to the,Meridian fometimes fooner, fometimes later, than 
it is noon by the clock; and, on four days of the year, at the fame 
time; whilft the fictitious Sun always comes to the Meridian when 
it is twelve at noon by the clock. This would be no difficult tafk 
for an artift to perform; for the gold ball might be carried round 
the Ecliptic by a wire from it’s north Pole, and the filver ball round 
the Equator by a wire from it’s fouth Pole, with a few wheels_to 
each; which might be eafily added to my improvement of the celeftial 
Globe, defcribed in N° 483 of the Phrlofophical Tranfactions; and of 
which I {hall give a defcription in the latter part of this Book, from 
the 3d Figure of the 3d plate. 

Fig, IIL. 232. "Tis plain that if the Ecliptic were more obliquely pofited to 
the Equator, as the dotted Circle (x4, the equal divifions from 
to « would come ftill fooner to the Meridian Zo than thofe 
marked 4,B,C,D, and E do: for two divifions containing 30 degrees, 
from to the fecond dott, a little fhort of the figure 1, come 
fooner to the Meridian than one divifion containing only 15 degrees 
from P to 4 does, as the Ecliptic now ftands; and thofe of the 
fecond quadrant from x to 44 would be fo much later. The third 
quadrant would be as the firft, and the fourth as the fecond. And 
it is likewife plain, that where the Ecliptic is moft oblique, namel 
about Aries and Libra, the difference would be greateft; and leaft 
about Cancer and Capricorn, where the obliquity is leaft. 
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The fecond «234. Having explained one caufe of the difference of time fhewn by 
Equation of @ Well-regulated Clock and a true Sun-dial; and confidered the Sun, 
Time. not the Earth, as moving in the Ecliptic; we now proceed to explain 
the other caufe of this difference; namely, the inequality of the Sun’s 
apparent motion § 205, which is floweft in fummer, when the Sun is 
fartheft from the Earth, and {wifteft in winter when he is neareft to 
it. But the Earth’s motion on it’s Axis is equable all the year round, 
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and is performed from weft to eaft; which is the way that the Sun 
appears to change his ones in the Ecii liptic 
23'5. If the Sun’s motion were equable le in the Ecliptic, the whole 
1 between ee equal time as {hewn by a Clock, and the unequal 
ewn by the Sun, would arife from the obliquity of ‘the 
hades “But the Sun’s motion fometimes exceeds a degree in 24 
1ours, though generally it is lefs: and when his raion is floweft 
any particular Meridian will revolve fooner to him than: when his 
motion is quickeft; for it will overtake him in les time when he 
oe a lefs {pace than when he moves throu gh a larger, 
. Now, if there were two Suns moving in the plane of the 
Eclipt ic, fo as to go round it ina year; the one defcrib ing an equal 
arc every 24 hours, and the other def feribing fometimes a lefs arc in 
24 hours, and at other times a larger ; gaining at one time of the 
year what it loft at the oppofite ; tis évident that either of thefe Suns 
would come fooner or later to the Meridian than ee other as it hap- 
pened to be behind or before the other: and when they were both in 
conjunction they would come to the Meridian at “i fame moment. 
237. As the real Sun moves unequably in the Ecliptic, let us fup- 
pofe a fictitious Sun to move equably in it. Let ABCD | be the Eclip- I 
tic or Orbit in which the real: Sun moves, and the dotted Circle ahcd 
the imaginary Orbit of the fictitious Sun; ea: ch going round in a year 
according to the order of letters, or Giavdtls weft to eaft. Let HIKL 
be the Rarth turning round it’s Axis the re way every 24 hours ; 
and fuppofe both Suns to ftart from 4 and a, ina right line with the 
plane o of the | Meridi ian E'H, at the fame moment: the real Sun at 4, 
being then at his greateft diftance from the Earth, at which time his 
rei eG is floweft; and the fictitious Sun at a, a motion is always 
equable becaufe his diftance from the Earth is fuppofed to be always 
the fame. In the time that the Meridian revolves from H to H again, 
according to the order of the letters HIKZ, the real Sun has moved 
from 4 to F; and the fictitious with a quicker motion from a to Ff 
through a larger arc: therefore, the Meridian EH will revolve pie ae 
from H to b under the real Sun at F, than from H to & under the fic- 
titious Sun at f; and confequently it will be noon by the Sun-dial 
fooner than by the Clock. 
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As the real Sun moves from 4 towards C, the fwiftnefs of his 
motion increafes all the way to C, where it is at the guickeft. But 


ee ng this, the fiGtitious Sun gains fo much ae the real, 


foon after his is departi ting from 4, that the increafing velocity of the real 
Sun does not bring him up with the equally moving aGitious Sun till 
I the 
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the former comes to-C, and the latter toc, when each has gone half 
round it’s refpective Orbit ; and then being in conjunction, the Meridian 
EH revolving to EK comes to both Suns at the fame time, and there- 
fore it is noon by them both at the fame moment. 

But the increafed velocity of the real Sun, now being at the quickeft, 
carries him before the fictitious; and therefore, the fame Meridian will 
come to the fictitious Sun fooner than to the real: for whilft the ficti- 
tious Sun moves from ¢ to g, the real Sun moves through a greater arc 
from C to G: confequently the point K has it’s fictitious noon when it 
comes to 2, but not it’s real noon till it comes to /, And although 
the velocity of the real Sun diminifhes all the way from C to 4, gnd 
the fictitious Sun by an equable motion is ftill coming nearer to the 
real Sun, yet they are not in conjun¢tion till the one comes to 4 and the 
other to a; and then it is noon by them both at the fame moment. 

And thus it appears, that the real noon by the Sun is always later 
than the fictitious noon by the clock whilft the Sun goes from C to 4, 
fooner whilft he goes from 4 to C, and at thefe two points the Sun 
and Clock being equal, it is noon by them both at the fame moment. 


238. The point 4 is called the Sun's Apogee, becaufe when he is 
there he is at his greateft diftance from the Earth; the point C his 
Perigee, becaufe when in it he is at his leaft diftance from the Earth: 
and aright line, as 4EC, drawn through the Earth’s center, from 
one of thefe points to the other, is called the line of the Apjides. 

239.’ The diftance that the Sun has gone in any time from his 
Apogee (not the diftance he has to go to it though ever fo little) is 
called his mean Anomaly, and is reckoned in Signs and Degrees, 
allowing 30 Degrees to a Sign. Thus, when the Sun has gone fup- 
pofe 174 degrees from his Apogee at 4, he is faid to be 5 Signs 24 
Degrees from it, which is his mean Anomaly: and when he is gone 
fuppofe 355 degrees from his Apogee, he is faid to be 11 Signs 25 
Degrees from it, although he be but 5 Degrees fhort of 4 in com- 
ing round to it again. 

240. From what was faid above it appears, that when the Sun’s 
Anomaly is lefs than 6 Signs, that is, when he is any where between 
A and C, in the half ABC of his Orbit, the true noon precedes the 
fictitious; bat when his Anomaly is more than 6 Signs, that is, when 
he is any where between Cand 4, in the half CDA of his Orbit, 
the fictitious noon precedes the true. When his Anomaly ts o Signs o 
Degrees, that is, when he is in his Apogee at 4; or 6 Signs o 
Deorees, which is when he is in his Perigee at C; he comes to the 


Meridian 
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Meridian at the moment that the fictitious Sun does, and then it is 
noon by them both at the fame inftant. 
241. The annexed Table fhews the Variation, or Equation of time 
depending on the Sun’s Anomaly, and arifing from his unequal motion 
in the Ecliptic ; ; as the former Table § 229 fhews the Variation 
depending on the Sun’s place, and refulting f from the obliquity of the 
Ecliptic : TAs i is to be underftood the fame way as the other, namely, 
that when the Signs are at the head of the Table, the Degrees are at 









the left hand; but ————— 
when the Signsare at | Sun fafter than the Clock if his Anomaly be 
the foot of the Table 
I 2 i 
the re{pective De- Rd pace Pa ae rae aes O92: 
(ones TAT Pe gS ee Wale i ds Ieecceet | SOc Ok Okc eeae Gadiei ke eae Pe 
hand; and in both o] ° 3 48 & 391 7 45 e 47} 3 57430 
ft as 1] 0 3 55 431 7 45 431 3 50129 
cafes the Equation is | | ¢ sBizd GACH as Pe aglls .aaes 
in the Angle of meet- Shed 4s GraGtt ol ety AS 6 35{ 3 35127 
ing. When both the ‘i ; i 38 f a et ; 3 ie 
above-mentioned E- Bltre fieko | anlepea4l Oa! 3, ag fae 
quations are either Z| ° + 35) 7 517 43 p 16} 3 5123 
yp hag A RZ OP By 7. 42 11] 2 58} 22 
falter or flower, their 4. fri sat}ig igs} zoan| 7 41] 6o.6fo2 sofas 
fum is theabfolute E- lohdtx FOb a SAL GB SAL Ze 4al.& or l.2, 42.120 
quation of Dime; but  |ULR a 2713 ob Al. 7 3315 50] 2. 35419 
; Iz] t 35} 5 6) 7 20] 7 37] 5 51) 2 27418 
when theoneisfafter, |1i;{ 1 43)5 121 7 22] 7 35]5 45] 2 19417 
and the other flower, [14] ! so] 5S 18} 7 25] 7 341 5 40] 2 411416 
5 te : : Prete ee, fealty aie rr ys 22 eS Sh gee ae Ee 
it, 1sytheie difference.j. A iZleas moby s bradley 2a a gohipe 280 Pee dag 
Thus, fuppofe the E- THA LIS sah 4685 7 ASLa 7 28k. ap: I 47113 
; . ode) 220 abe 2 S30 7 ee he Les Onl 2 
quation depending OH | ix eatraeBeteye [7 ve] brag ie Stop ridged tr 
the Sun’s place, be 6 J2o] 2 36] 5 52] 7 36] 7 20] 5 4[ 1 22]}10 
minutes 41 feconds 71} 2 43] 5 ap? iS j P ‘ ed Tener ae 
7 ay ad 2 9 5 
too flow, and the Bail zg bens 58fsGeeia ty Zarlegb tehl4 45] 0 58] 7 
quation dependingon |24] 3 6 : Fala e| Ze BS 38| o sol] 6 
, ny eRe 1617 49) 7 5) 431] 64 4D bes 
theSun’sAnomaly,be | 7% a LeANS Na uies PaetOslad zehtor ats 
4 minutes 20 feconds [27] 3 27] 6 26] 7 44] 6 58] 4 18] 0 25] 3 
too flow, their Sunis [28] 3 34] © 3°) 7 44) © 55) 4 I} o 17] 2 
. 7 ee 8 Op ae MA EN ee ad Habre ie seed bod 
Et ga eer 30] 3 481 6 39] 7 45, 6 47) 3 57] 0 of o 
ton ira iit. tf the ob bere re be ol a |e 
. ; ions § 6 * 
one had been 6 mi- Pa Ry ” ‘ fe 
nutes 41 feconds too Sun flower than the Clock if bis Anomaly be 


faft, and the other 4 
minutes 20 feconds too flow, their diference had been 2 minutes 21 


feconds too faft, becaufe the greater quantity is too faft. 
P 242. The 















A Table of 
the Equation 
of Time, de- 
pending on 
the Sun’s A- 
nomaly. 








= 


Examples for 
a 

making Equa- 

tion Tables. 


Of the Equation of Time. 


242. The obliquity of the Ecliptic to the Equator, which is the firft 
mentioned caufe of the Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which are, when the Sun en- 
ters Aries, Cancer, Libra, and Capricorn: but the other caufe, now 
explained, would make the Sun ‘and Clocks equal only twice in a 
year; that is, when the Sun is in his Apogee and Perigee. Con- 
fequently, when thefe two points fall in the beginnings of Cancer and 
Capricorn, or of Aries and Libra, they concur in making the Sun and 
Clocks equal in thefe points. But the Apogee at prefent is in the oth 
degree of Cancer, and the Perigee in the gth degree of Capricorn ; 
and therefore the Sun and Clocks cannot be equal about the beginning 
of thefe Signs, nor at any time of the year, except when the fwift- 
nefs or flownefs of Equation refulting from one caufe juft balances the 
flowne{s or fwiftnefs arifing from.the other. 

243. The laft Table but one, at the end of this Chapter, fhews 
the Sun’s place in the Ecliptic at the noon of every day by the clock, 
for the fecond year after leap-year; and alfo the Sun’s Anomaly to 
the neareft degree, neglecting the odd minutes of a degree. Their 
ufe is only to affift in fhewing the method of making a general Fqua- 
tion Table from the two fore-mentioned Tables of Equation depend- 
ing on the Sun’s Place and Anomaly § 229, 241; concerning which 
method we fhall give a few examples prefently. The following Tables 
are fuch as might be made from thefe two; and thew the abfolute 
Equation of Time refulting from the combination of both it’s caufes ; 
in which the minutes, as: well as degrees, both of the Sun’s Place 
and Anomaly are confidered, he ufe of thefe ‘Tables is already ex- 
plained, § 225; and they ferve for every day in leap-year, and the 
firft, fecond, and third years after: For on moft ofthe fame days 
of all thefe years the Equation differs, becaufe ‘of the odd fix hours 
more than the 365 days of which the year confitts. 

Exampre J. On the rsth of “ri/ the Sun i6 in the 26th degree 
of ‘Y Aries, and his Anomaly is g Signs 165 Degrees; the Equation 
refulting from the former is 7 minutes 23 feconds of time too fat 
$229; and from the latter, 7 minutes 27 feconds too flow, § 241; 
the difference is 4 feconds that the Sun is too flow at’ the noon of 
that day; taking it in grofs for the degrees of the Sun’s Place and 
Anomaly, without making proportionable allowance for the odd mi- 
nutes. “Hence, at noon the fwiftnefs of the one Equation balancing fo 
nearly the flownefs of the other, makes the Sun and Clocks equal on 
fome part of that ‘day. 
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Exampie H. On the 16th of une, the Sun is in the. 2sth 
degree of J[ Gemini, and his Anomaly is 11 Signs 16 Degrees); the 
Equation arifing from .the former is .1 minute 48 feconds too fatt ; 
and fromm the latter 1 minute 50 feconds too flow; which balancing 
one another at noon to 2 feconds, the Sun and Clocks are again equal 
on that day. 


Exampte III. On.the 31ft of Augu/? the Sun’s place is 7 degrees 
52 minutes of Ml) Virgo (which we fhall call the 8th degree, as it is 
fo near) and his Anomaly.is 2. Signs o Degrees ; the Equation arifing 
from the former is 6 minutes 41 feconds too flow; and from the latter 
6 minutes 39 feconds too faft; the'difference being only 2 feconds 
too flow at noon, and decreafing towards an equality will make the 
Sun and Clocks equal in the afternoon of that day. 


Exampte IV. On the 23d of December the Sun’s place is 1 degree 
4.1 minutes (call it 2 degrees).of V@ Capricorn, and his Anomaly 
is 5 Signs 23 Degrees; the Equation for the former is 43 feconds 
too flow, and for the latter 58 feconds ‘too faft; the difference is 
15 feconds too-faft at noon; .which ,decreafing- will come to an 
equality, and fo make the Sun and’ Clocks equal in, the evening of 
that day. 


And thus we find, that on fome part of each of the above-mentioned 
four days, the Sun and Clocks are equal; but if we work examples 
for all other days of the year we {hall find them different... And, 

244. On thofe days which are equidiftant from any Equinox or 
Solftice, we do not find that the Equation is as much too faft or,too 
flow, on the one fide, as it is too flow or too faft on. the other. 
The reafon is, that the line of the Apfides § 238, does not, at pre- 
fent, fall either into the Equinodtial or Solfticial points § 242. 


245. If the line of the Apfides, together with the Equinodtial and The reafon 
Solfticial points, were immoveable, a general Equation, Table might lad Seg 
be made from the preceding Equation Tables, which would always but tempo 
keep true, becaufe thefe Tables themfelves are permanent. But, with ™Y: 


refpect to the fixed Stars, the line of the Apfides moves forwards. 12 
feconds of a degree every year, and the above points 50 feconds 
backward. So that if in any ‘given year, the Equinodial points, and 
line of the Apfides were coincident, in 100 years afterward they 
would be feparated 1 degree 43 minutes 20 feconds; and confes 
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quently in 5225.8 years they would be feparated go degrees, and 
could not meet again, fo that the fame Equinoétial point fhould fall 
again into the Apogee in lefs than 20,903 years: and this is the fhortett 
Period in which the Equation of Time can be reftored to the fame 
{tate again, with refpect to the fame feafons of the year. 


CHAP. XIV. 
Of the Precefiion of the Equinoxes. 


246. I T has been already obferved, § 116, that by the Earth’s motion 
on it’s Axis, there is more matter accumulated all round the 
equatoreal parts than any where elfe on the Earth. 

The Sun and Moon, by attracting this redundancy of matter, bring 
the Equator fooner under them in every return towards it than if there 
was no fuch accumulation. 'Therefore, if the Sun fets out, as fron: 
any Star, or other fixed point in the Heavens, the moment he is de- 
parting from the Equinottial or either Tropic, he will come to the fame 
again before he compleats his annual courfe, fo as to arrive at the fame 
fixed Star or Point from whence he fet out. 

When the Sun arrives at the fame * Equino¢tial or Solftitial Poing; 
he finifhes what we call the Tropical Year ; which, by long obferva- 
tion, is found to contain 365 days 5 hours 48 minutes 57 feconds: 
and when he arrives at the fame fixed Star again, as feen from the 
Earth, he compleats the Szdereal Year; which is found to contain 365 
days 6 hours g minutes 141 feconds. The Sidereal Year is therefore 
20 minutes 171 feconds longer than the Solar or ‘Fropical year, and 
9 minutes 144 feconds longer than the Julian or Civil year, which we 
fate at 365 days 6 hours: fo that the Civil year is almoft a mean 
betwixt the Sidereal and Tropical. 

247. As the Sun defcribes the whole Ecliptic, or 360 degrees, in 
a Tropical year, he moves 59’ 8” of a degree every day; and confe- 
quently 50” of a degree in 20 minutes 17+. feconds of time: there- 
fore, he will arrive at the fame Equinox or Solftice when he is 50” of a 
degree fhort of the fame Star or fixed point in the Heavens from which 
be fet out in the year before. So that, with re{pect to the fixed Stars, 


* The two oppofite points in which the Ecliptic crofles the Equinoétial, are called. 
the Equinoctial Points: and the two points where the Ecliptic touches the Tropics 
(which are likewife oppofite, and go degrees from the former) are called the Solfitial 
Points. 
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[the Sun and Equi- PLATE VI. 


A TaBLe fhewing the Preceffion of the Equinoéttal! 
Points in the Heavens, both in Motion and Time ;| 


| and the Anticipation of the Equinoxes on Earth. 
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| noctial points fall 
back (as it were) 
30 degrees in 2160 
years ; which will 
make the Stars ap- 
pear to have gone 
30 deg. forw ar 

ah 6 refpect to the 
Signs of ‘the Eclip- 
tic in that time: 
for the fame Signs 
always keep | in the 
fame points of the 
Ecliptic, without 
regard to the con- 
{tellations. 

To explain this 
by a Figure, let 
the Sun be in con- 
junction with a fix- 


ed Star at S, fu ppofe. 


in the 3oth de- 
gree of &, on the 
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1756. Then, mak- 
ing 2160 revolu- 
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Ecliptic V VX, at 
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ny Sidereal years, 
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ny Tropical years, 
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rus at J, which has receded back from S$ to T in that time, by the 
Preceflion of the Equinottial points (° Aries and 4 Libra The Arc 
AGS ST will be equal to the amount of the Preceffion of the Equinox in 
i | 2160 years, at the rate of 50° of a degree,.or 20 min. 17 + fec, of 
i time, annually: this, in fo many years, makes 30 days, 10+ hours; 
which is the difference between 2160 Sidereal and Tropical years : 
And the Arc MT will be equal to the {pace moved through by the Sun 
in 2160 times 11 min. 3 fec. or 16 days, 13 hours 48 minutes, which 
is the difference between 2160 Julian and Tropical years. 

248. From the fhifting of the Equinodtial points, and with them all 
the Signs of the Ecliptic, it follows that thofe Stars which in the in- 
fancy of aftronomy were in Aries are now got into Zaurus; thofe of 
| Taurus into Gemini, &c. Hence likewife it is; that the Stars which rofe or 
ne fet at any particular feafon of the year, in the ttme of Hrsiop, Eupoxus, 

| Vireir, Piiny, &c. by no:means anf{wer at this time to their defcrip- 
tions. The preceding table fhéws the quantity of this fhifting both in 


the heavens and on the earth, for any number of years to 25,920; 




































































1 *& ~~ which compleats the grand celeftial period: within which any number 
i Nate § LP " ; , 
and its quantity is eaftly found ; as in the following example, for 5763 
years; which at the Autumnal Equinox, A.D. i756, is thought to be 
the age of the world. So that with regard to the fixed Stars, the Equi- 
noctial points in the WE) SORE AE : 
rar 4 Precefiion of the Equinoétial Points 
heavens, have re- ri] Ouegoraan eae Aiticiption of 
f re 2 in the Heavens. 4 
ceded 2° 20° 2 30 Julian the Equinoxes 
fince the creation: years Motion. Time. on thé Earth. 
1; : ie ioe > 
| which is as much as Sew S14 her aged Dope Ela NG 
' the Sun moves in. .|—— ; ; wey 
f° Ets oe 5000} 2 9 26 40170 10 ‘58 201]3 so Fo 
81 bn? 52 . And 700} 0 97/43" 20) 9 200 44 NDOL TG as serena 
fince that time, or 6040.) O50. SF 0.170 aay BOLO VE 5 ep 
in §763 years, the Ff Qa 8 BON Oa i cn Pg 
Equinoxes with us 5793] .2 »20;' 2. 30]81.. 5 6 521144... 5 ar "9 
have fallen back 
i 44° 54 21™ 9°; hence, reckoning from the time of the “fulian E- 
quinox, 4. D. 1756, viz. Sept. 12th, it appears that the Autumnal 
Equinox at the creation was on the 26th of Ober. 
nv The antici — 249. ‘The anticipation of the Equinoxes, and confequently of the 
aid pation of the 


Eaincce feafons, is by no means owing to the Preceffion of the FE quinoétial 

and Seafons, 2nd Solfticial points in the Heavens, (which can only affect the apparent 

motions, places and declinations of the fixed. Stars) but to the differ- 
ence between the Civil and Solar year, which is y1 minutes "fe 


conds ; 






































Of the Preceffion of the Equinoxes. rit 


conds; the Civil year containing 365 days 6 hours, and the Solar PLATEVI- 
year 365 days 5 hours 48 minutes 57 feconds. The following table 

fhews the length, and confequéntly the difference of any number of Si- 

dereal, Civil, and Solar years from 1 to 10,000. 

250. The above 11 minutes 3 feconds, by which the Civil or Julian The reafon 
year exceeds the Solar, amounts to 11 days in 1433 years: and fo much jo yg. 
our feafons have fallen back with refpect to the days of the months, ee 
fince the time of the Nicene Council in_4. D. 325, and therefore in or- 
der to bring back all the Fafts and Feftivals to the days then fettled, it 
was requifite to fupprefs 11 nominal days. And that the fame feafons 
might be kept to the fame times of the year for the future, to leave 
out the Biffextile day in February at the end of every century of years 
not divifible by 4; reckoning them only common years, as the 17th, 
18th and 19th centuries, viz. the years 1700, 1800, 1900, &c. be- 
caufe a day intercalated every fourth year was too much, and retaining 
the Biffextile-day at the end of thofe Centuries of years which are 
divifible by 4, as the 16th, 2oth and 24th Centuries; wv7z. the years 
#600, 2000, 2400, &c. Otherwife, in length of time the feafons 
would have been quite reverfed with regard to the months of the years ; 
though it would have required near 23,783 years to have brought 
about fuch a total change. If the Earth had made exactly 3652 di- 
urnal rotations on its axis, whilft it revolved from any Equinoétial or 
Solftitial point to the fame again, the Civil and Solar years would al- 
ways have kept pace together; and the ftyle would never have needed 
any alteration. . 


251. Having already mentioned the caufe of the Preceffion of the The Precer: 
Equinoétial points in the heavens, § 246, which occafions a flow de- fion of the 
viation of the earth’s axis from its parallelifm, and thereby a change is 
of the declination of the Stars from the Equator, together with a flow 
apparent motion of the Stars forward with refpect to the Signs of 
the Ecliptic ; we fhall now defcribe the Phenomena by a Diagram. 

Let NZSVL be the Earth, SONA its Axis produced to the ftarry Fig. V. 
Heavens¥ and terminating in 4, the prefent north Pole of the Hea- 
vens, which is vertical'to N the north Pole of the Earth. Let HOQ 
be the Equator, J 9 Z the Tropic of Cancer, and YTV the Tropic 


og 


~O 
of Capricorn: VOZ the Ecliptic, and BO its Axis, both which are 
. 1 a Fee ee oe 
immoveable among the Stars. But, as * the Equino¢tial points re- 
* The Equinoétial Circle interfeéts the Ecliptic in two oppofite points, called 
Aries and Libra, from the Signs which always keep in thefe points: They are called 
the Equino@tial Points, becaufe when the Sun is in either of them, he is directly over 

the terreftrial Equator ; and then the days and nights are equal. 
cede 
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cede in the Ecliptic, the Earth’s Axis SON is in motion upon the 
Farth’s center O, in fuch a manner as to defcribe the double Cone 
NOn and SOs, round the Axis of the Ecliptic BO, in the time that 
the Equinoétial points move quite round the Ecliptic, which is 25,920 
years; and in that length of time, the north Pole of the Earth’s Axis 
produced, defcribes the Circle 4BC DA in the ftarry Heavens, round 
the Pole of the Ecliptic, which keeps immoveable in the center of that 
Circle. The Earth’s Axis being 23 4 degrees inclined to the Axis of 
the Ecliptic, the Circle 4BCD A, defcribed by the north Pole of 
the Earth’s Axis produced to A, is 47 degrees in diameter, or 
double the inclination of the Earth’s Axis. In confequence of this, 
the point 4, which at’ prefent is the North Pole of the Heavens, and 
near to a Star of the fecond magnitude in the tail of the conftellation 
called the Little Bear, muft be deferted by the Earth’s Axis; which 
moving backwards a degree every 72 years, will be directed towards 
the Star or Point B in 6480 years hence: and in double of that time, 
or 12,960 years, it will be directed towards the Star or Point C; 
which will then be the North Pole of the Heavens, although it is at 
prefent 8; degrees fouth of the Zenith of London L. The prefent po- 
fition of the Equator E OQ, will then be changed into eOg, the Tro- 
pic of Cancer 795 Z into Vt&5, and the Tropic of Capricorn VT VW 
into #V8 Z; asis evident by the Figure. And the Sun, in the fame part of 
the Heavens where he is now over the earthly Tropic of Capricorn, and 
makes the fhorteft days and longeft nights in the Northern Hemifphere, 
will then be over the earthly Tropic of Cancer, and make the days longeft, 
and nights fhorteft. So that it will require 12,960 years yet more, or 
25,920 from the prefent time, to bring the North Pole N quite round, 
{o as to be direéted toward that point of the Heavens which is vertical 
to it at prefent. And then, and not till then, the fame Stars which at 
prefent defcribe the Equator, Tropics, polar Circles, and Poles, by the 
Farth’s diurnal motion, will defcribe them over again, 
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Of Sidereal, Fulian, end Solar Time. 


A TABLE fhewing the Time contained in any number of Sidereal, 
“Fulian, and Solar Years, from 1 to 10000. 
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Tables of. the Sun's 













A TABLE fhewing the Sun’s true Place, and Diftance from his Apogee, 
for the fecond Year after Leap-year. 
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iA TABLE fhewing the Sun’s true’ Place, and Diftance from his Apogee,| 
for the fecond Year after Leap-year. 
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Of the Equation of Time. 


be by the Clock when the *Sun is on the Meridian. 
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OF the Moon's Phafes. 


CHAP,” XV. 


The Moon's furface mountainous: Her. Phafes defcribed : 
Fler path, and the paths of Fupiter’s Moons delineated : 
The proportions of the Diameters of their Orbits, and 
thofe of Saturn's Moons, to each other; and to the Dia- 
meter of the Sun. 


Be Wik woos B Y looking at the Moon with an ordinary telefcope we per- 
ceive that her furface is diverfified with long traéts of prodi- 
gious high mountains and deep cavities. Some of her mountains, by 
comparing their height with her diameter (which is 2180 miles) are 
found to be three times higher than the higheft hills on our Earth. 
The Moon’s This ruggednefs of the Moon’s furface is of great ufe to us, by 
farface moun- reflecting the Sun’s light to all fides: for if the Moon were fmooth 
eae and polifhed like a looking-glafs, or covered with water, the could 
never diftribute the Sun’s light all round; only in fome pofitions fhe 
would fhew us his image, no bigger than a point, but with fuch.a 
luftre as would be hurtful to our eyes. 
Why no hills 253. The Moon’s furface being fo uneven, many have wondered 
appear on her why her edge appears not jagged, as well as the curve bounding the 
+iee light and dark places. But if we confider, that what we call the edge 
of the Moon’s: Difc is not a fingle line fet round with mountains, in 
which cafe; it would. appear irregularly indented, but a large Zone 
having many mountains lying behind one another from the obferver’s 
eye, we fhall find that the mountains in fome rows will be oppofite: to 
the vales in others; and fo fill up the inequalities as to make her appear 
quite round : juft as when one looks at an orange, although it’s rough- 
nefs be very difcernible on the fide next the eye, efpecially if the Sun 
or a Candle fhines obliquely on that fide, yet the line terminating the 
vifible part ftill appears f{mooth and even. 
‘The Moon 254. As the Sun can only enlighten that half of the Earth which 
ale ‘wi js at any moment turned towards him, and being withdrawn from 
tae the oppofite half leaves it in darknefs; fo he likewife doth to the 
Moon: only with this difference, that the Earth being furrounded by 
an Atmofphere, and the Moon having none, we have twilight after the 
Fig. I. Sun fets; but the Lunar Inhabitants have an immediate tranfition from 


the brighteft Sun-fhine to the blackeft darknefs § 177. For, det threw 
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Of the Moon's Phafes. 


be the Earth, and 4,B,C,D,E,F,G,H the Moon in eight different parts 
of her Orbit. As the Earth turns round its Axis, from weft to eaft, 
when any place comes to ¢ the twilight begins there, and when it 
revolves from thence tov theSun S rifes; when the place comes to s the 
Sun fets, and when it comes to w the twilight ends. But as the Moon 
turns round her Axis, which is only once a month, the moment that 
any point of her furface comes to r (fee the Moon at G) the Sun rifes 
there without any previous warning by twilight ; and when the fame 
point comes to s the Sun fets, and that point goes into darknefs as 
black as at midnight. 

255. The Moon being an opaque fpherical body, (for her hills The Mcon’s 
take off no more from her roundnefs than the inequalities on the fur- heh 
face of an orange takes off from its roundnefs) we can only fee that 
part of the enlightened half of her which is towards the Earth. And 
therefore, when the Moon is at 4, in conjunction with the Sun S, her 
dark half is towards the Earth, and the difappears as at a, there being no 
light on that half to render it vifible. "When fhe comes to her farft 
O&ant at B, or has gone an eighth part of her Orbit from her Con- 
junction, a quarter of her enlightened fide is towards the Earth, and 
{he appears horned as at 4... When fhe has gone a quarter of her Orbit 
from between the Earth and Sun to C, fhe fhews us one half of her 
enlightened fide as at c, and: we fay, fhe isa quarter old. AtWD fhe is 
in her fecond Oétant, and by fhewing us more of her enlightened fide 
fhe appears gibbous as at d. At E her whole enlightened fide is towards 
the Earth, and therefore fhe appears round as at e, when we fay, It 
is Full Moon. In her third Oétant at F, part of her dark fide being 
towards the Earth, fhe again appears gibbous. and is on -the decreale, 
as at fi At G we fee juftone half of her enlightened fide, and fhe 
appears half decreafed, or in her third Quarter, as at g. At H we 
only fee a quarter of her enlightened fide, being in her fourth Ociant, 
where fhe appears horned as at 4. And at 4, having compleated her 
courfe from the Sun to the Sun again, fhe difappears ; and we fay, it 
is New Moon. ‘Thus in going from 4 to E the Mcon feems con- 
tinually to increate ; and in going from E to 4, to decreafe in the 
fame proportion ; having like Phafes at equal diftances from 4 or #, 
but as feen from the Sun S, fhe is always Full. 

256. The Moon appears not perfectly round when fhe is Full in Sie Moon's 
the higheft or loweft part of her Orbit, becaufe we have not a direct yay, aura 
view of her enlightened fide at that time. When Full in the higheft round when 
part of her Orbit, a {mall deficiency appears on her lower edge ; and rall. 


the contrary when Full in the loweft, part of her Orbit. En 
25 7c ae 
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257. Tis plain by the Figure, that when the Moon changes to the 
Earth, the Earth appears Full to the Moon; and vice vera. For 
when the Moon is at_4, New to the Earth, the whole enlightened 
fide of the Earth is towards the Moon: and when the Moon is at E, 
Full to the Earth, it’s dark fide is towards her. Hence a New Moon 
anfwers to a Full Earth, and a Full Moon to a New Earth. The 
Quarters are alfo reverfed to each other. 

258. Between the third Quarter and Change, the Moon is fre- 
quently vifible in the forenoon, even when the Sun fhines; and.then 

fhe affords us an opportunity of feeing a very agreeable appearance, 
wherever we find a globular ftone above the ijevel of the eye, as fup- 
poe on the top of a gate. For, if the Sun fhines on the ftone, and 
we place ourlelves fo as the upper part of the ftone may juft feem 
to touch the point of the Moon’s lowermoft horn, we (hall then. fee 
the enlightened part of the ftone exactly of the fame fhape with the 
Voon ; horned as fhe is, and inclining the fame way to the Horizon. 

The reafon is plain; for the Sun enlightens the ftone the fame way as 

he does the Moon: and both being Globes, when we put ourfelves 

into the above fituation, the Moon and ftone have-the fame pofition 
to our eyes; and therefore we muft fee as much of the illuminated 
part of the one as of the other. 

259. The pofition of the Moon’s Cufps, or a right line touching 
* the points of her horns, is very differently inclined to the Horizon at 
different hours of the fame days of her age. Sometimes the ftands, as 
it were, upright on her lower horn, and then fuch 2 line js perpendi- 
cular to the Horizon: when this happens, the is in what the Aftrono- 
mers call the Nonagefimal Degree; which is the higheft point of the 
Ecliptic above the Horizon at that time, and is go degrees from both 
fides of the Horizon where it is then cut by the Ecliptic. But. this 
never happens when the Moon is on the Meridian, except when fhe 
is at the vety beginning of Cancer or Capricorn. 

260. The inclination of that part of the Ecliptic to the Horizon in 
which the Moon is at any time when horned, may be known by the 
pofition of her horns; for a right line touching their points is perpen- 
dicular to the Ecliptic. And as the Angle that the Moon’s Orbit 
makes with the Ecliptic can never raife her above, nor deprefs her 
below the Ecliptic, more than two minutes of a degree, as feen from 
the Sun; it can have no fenfible effee upon the pofition of her horns. 
Therefore, if a Quadrant be held up, fo as one of it’s edges may feem 
to touch the Moon’s horns, the graduated fide being kept towards 
the eye, and as far from the eye as it can be conveniently held, the 
arc 
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arc between the Plumb-line and that edge of the Quadrant which PL. Vu. 
feems to touch the Moon’s horns will thew the inclination of -that 

part of the Ecliptic to the Horizon, And the arc between the other 

edge of the Quadrant and Plumb-line will thew the inclination of the 

Moon’s horns to the Horizon at that time alfo. 

261. The Moon generally appears as large as the Sun; for the Fig. I. 

Angle vk, under which the Moon is feen from the Earth, is the Why the 
fame with the Angle ZAM, under which the Sun is feen from it. sige S25 
And therefore the Moon may hide the Sun’s whole Dife from us, as Sun.” 
fhe fometimes does in folar Eclipfes. The reafon why fhe does 
not eclipfe the Sun at every Change fhall be explained afterwards. 
If the Moon were farther from the Earth as at a, the could never 
hide the whole of the Sun from us; for then fhe would appear under 
the Angle N&O, eclipfing only that part of the Sun which lies between 
N ahd O: were fhe ftill further from the Earth, as at X, fhe would 
appear under the fmall Angle TA/V, like a {pot on the Sun, hiding 
only the part JW from our fight. 

262. The Moon. turns round her Axis in the time that fhe goes A proof of 
round her Orbit ; which is evident from hence, that a {pectator at eauwte 2 
re{t, without the periphery of the Moon’s Orbit, would fee all her her Axis. 
fides turned regularly towards him in that time. She turns round 
her Axis from any Star to the fame Star again in 27 days 8 hours; 
from the Sun to the Sun again in 2g! days: the former is the length 
of her fidereal day, and the latter the length of her folar day. A 
body moving round the Sun would have a folar day in every revolu- 
tion, without turning on it’s Axis; the fame as if it had kept all the 
while at reft, and the Sun moved round it: but without turning round 
it’s Axis it could never have one fidereal day, becaufe it would always 
keep the fame fide towards any given Star. 

263. If the Earth had no annual motion, the Moon would go Her periodi- 
round it fo as to compleat a Lunation, a fidereal, and a folar day, rh path 
all in the fame time. But, becaufe the Earth goes forward intion. 
it's Orbit while the Moon goes round the Earth in her Orbit, the 
Moon muft go as much more than round her Orbit from Change 
to Change in compleating a folar day as the Earth has gone forward 
in it’s Orbit during that time, 7.¢. almoft a twelfth part of a 


Circle. 


264. The Moon’s periodical and fynodical revolution may be fami- Familiariv 
{ ¢ A : eprefented, 
liarly reprefented by the motions of the hour and minute hands of a "Pr" 
watch round it’s dial-plate, which is divided into 12 equal parts or 
i hours, 














































































128 An eafy way of representing 


ATablethew- hours, as the Ecliptic is divided into 12 Signs, and the year into: 12 
f ing the times hs Let Tio fos . 

that the hour montns. Cc u uppo a eee 

and minute thelé? ra? thoursteto }besme 


. hands of a months, the hour hand the 
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e in maak 271,160) 2d asa 
Loess Sun, and the minute hand 5\ TI a ca 32. 43 el 
the Moon; then will the 3 Iil 16 2I1 49 5 27 3 

former go round once in a 4\ MM! 2t Aging (27 164. 

year, and the latter once in 5| V 27\ a6 /213 Agi Saks 

a month; but the Moon, 6) VI 32° 43 238..10 546 

or minute hand muft go 7| VII 38 1100 $4002 431 

more than round from any SIVIIL 43° 38 10° 54 328 

point of the Circle where 9| IX 49 aT 27 iva 212 


it was laft conjoined with 10] Koll 64:4 92 °43/ag8 
the Sun, or hour hand,'to}» y3|XIT =o 0 © o 6 
overtake it again: -for the /{——H——_________ 
hour hand being in motion, can never be overtaken by the minute 
hand.at that point from which they ftarted at their laft conjunction. 
The fart column of the annexed Table fhews the number of conjunc- 
tions which the hour and minute hand make whilft the hour hand 
goes once round the dial-plate ; and the other columns fhew the times 
when the two hands meet at every conjunction. . Thus, fuppofe the 
two hands to be in conjunétion at XII, as they always are; then, at 
the firft following conjunction it is 5 minutes 27 feconds 16 thirds 
21 fourths 497, fifths paft. I where they meet; at the fecond con- 
junétion it is 10 minutes 54 feconds 32 thirds 43 fourths 38+ fifths 
| paft If; and foon. ‘This, though an eafy illuftration of the motions 
of the Sun and Moon, is not precife as to the times of their conjunc- 
tions; becaufe, while the Sun goes round the Ecliptic, the Moon 
makes 121 conjunctions with him; but the minute hand of a®watch 
or clock makes only 11 conjunctions with the hour hand in one period 
round the dial-plate. But if, inftead of the common wheel-work 
at the back of the dial-plate, the Axis of the minute hand had a 
pinion of 6 leaves turning a wheel of 40, and this laft turning the 
hour hand, in every revolution it makes round the dial-plate the minute 
hand would make 124 conjunctions with it; and fo would be a pretty 
device for fhewing the motions of the Sun and Moon; efpecially, as 
the floweft moving hand might have a little Sun fixed on it’s point, 
A machine for and the quickeft a little Moon. Befides, the plate, inftead of hours 
mene bk and quarters, might have a Circle of months, with the 12 Signs and 
Sun and their Degrees; and if a plate of 29% equal parts for the days of the 
Moon, Moon’s age were fixed to the Axis of the Sun-hand, and below it, fo 
as 
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as the Sun always kept at the + day of that plate, the Moon-hand PL, vir, 


would fhew the Moon’s age upon that plate for every day pointed out 
by the Sun-hand in the Circle of months; and both Sun and Moon 
would fhew their places in the Ecliptic: for the Sun would go round 
the Ecliptic in 365 Days; and the Moon in 27+ days, which is her 
periodical revolution; but from the Sun to the Sun again, or from 
Change to Change, in 294 days, which is her fynodical revolution. 


265. If the Earth had no annual motion, the Moon’s motion round The Moon’s 


the Earth, and her track in abfolute {pace, would be always the 
fame*. Butas the Earth and Moon move round the Sun, the Moon’s 
real path in the Heavens is very different from her path round the 
Farth: the latter being in a progreffive Circle, and the former in a 
curve of different degrees of concavity, which would always be the 
fame in the fame parts of the Heavens, if the Moon performéd a com- 
pleat number of Lunations in a year. 


motion thro’ 
open {pace 
defcribed. 


266. Leta nail in the end of the axle of a chariot-wheel reprefent Anideaof the 


the Earth, and a pin in the nave the Moon; if the body of the 
chariot be propped up fo as to keep that wheel from touching the 
ground, and the wheel be then turned round by hand, the pin will 
defcribe a Circle both round the nail and in the {pace it moves through. 
But if the props be taken away, the horfes put to, and the chariot 
driven over a piece of ground which is circularly convex; the nail in 
the axle will defcribe a circular curve, and the pin in the nave will ftill 
defcribe a circle round the progreffive nail in the axle, but not in the 
{pace through which it moves. In this cafe, the curve defcribed by the 
nail will refemble in miniature as much of the Earth’s annual path round 
the Sun, as it defcribes whilft the Moon goes as often round the Earth 
as the pin does round the nail: and the curve defcribed by the nail will 
have fome refemblance of the Moon’s path during fo many Lunations. 
Let us now fuppofe that the Radius of the circular curve defcribed 
by the nail in the axle is to the Radius of the Circle which the pin in 
the nave defcribes round the axle as 337! to 1; which is the pro- 
portion of the Radius or Semidiameter of the Earth’s Orbit to that of the 


Warth’s path 
and the 
Moon’s. 


Moon's; or of the circular curve 4 1234567 B &c. to the little Fig. LU. 


Circle a; and then, whilft the progreffive nail defcribes the faid curve 
from 4 to E, the pin will go once round the nail with regard to the 
center of it’s path, and in doing fo, will defcribe the curve abcde. ‘The 


* In this difcourfe, we may confider the Orbits of all the Satellites as cireular, with 
refpect to their primary Planets ; becaufe the excentricities of their Orbits are too {mall 
to affect the Phenomena here defcribed, 
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the Moon’s 
Orbit to the 
Earth’s. 


Fig. II. 


The Moon's Path delineated. 


former will be a true reprefentation of the Earth’s path for one Luna- 
tion, and the latter of the Moon’s for that time. Here we may fet 
afide the inequalities of the Moon’s Moon, and alfo the Earth’s moving 
round it’s common center of gravity and the Moon’s: all which, if 
they were truly copied in this experiment, would not fenfibly alter the 
figure of the paths defcribed by the nail and pin, even though they fhould 
rub againft a plain upright furface all the way, and leave their tracks vifi- 
ble. And if the chariot fhould be driven forward on fuch a convex 
piece of ground, fo as to turn the wheel feveral times round, the track 
of the pin in the naye would ftill be concave toward the center of the 
circular curve defcribed by the pin in the Axle; as the Moon’s path is 
always concave to the Sun in the center of the Earth’s annual Orbit. 
In this Diagram, the thickeft curve line ABCD, with the numeral figures 
fet to it, reprefents as much of the Earth’s annual Orbit as it defcribes 
in 32 days from weft to eaft; the little Circles at a, 6, c,d, e fhew the 
Moon’s Orbit in due proportion to the Earth’s; and the fmalleft curve 
abcdef reprefents the line of the Moon’s path in the Heavens for 32 
days, accounted from any particular New Moon at 2 ‘The machine, 
Fig. 5th is for delineating the Moon’s path, and will be defcribed, 
with the reft of my Aftronomical machinery, in the laft Chapter. The 
Sun is fuppofed to be in the center of the curve 41234567B 


Proportion of &c, and the {mall dotted Circles upon it reprefent the Moon’s Orbit, of 


which the Radius is in the fame proportion to the Earth’s path in this 
{cheme, ‘that the Radius of the Moon’s Orbit in the Heavens ‘bears 
to the Radius of the Earth’s annual path round the Sun ; that is, as 
240,000 to 81,000,000, or as 1 to 3374. 

When the Earth is at 4 the New Moon is at @; and in the feven 
days that the Earth defcribes the curve 1 2 3 4 5 67, the Moon in 
accompanying the Earth defcribes the curve ad, and is in her firft 
Quarter at 4 when the Earth is at B. As the Earth deferibes the 
curve B’8 9 10 11 12 13 14 the Moon defcribes the curve dc; and 
is oppofite to the Sun at c, when the Earth is at C. Whilft the Earth 
defcribes the curve C 15 16 17 18 19 20 21 22 the Moon défcribes 
the curve cd; and is in her third Quarter at d-when the Earth is at D. 
Once more, whilft the Earth defcribes the curve D 23 24 25 2627 28 29 
the Moon defcribes the curve de; ‘and is again in conjunction -at e with 
the Sun when the Earth is at E, between the 29th and 30th day of the 
Moon’s age, accounted by the numeral Figures from the New Moon at 
. In defcribing the curve abcde, the Moon goes round the progreflive 
Earth as really as if fhe had kept in the dotted Circle 4, and the Earth 
continued immovyeable in the center of that Circle. 
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The Moon's Path delineated. 


And thus we fee, that although the Moon goes round the Earth in 
a Circle, with refpect to the Earth’s center, her real path in the 
Heavens is not very different in appearance from the Earth’s path. 
To thew that the Moon’s path is concave to the Sun, even at the time 
of Change, it is carried on a little farther into a fecond Lunation, 
as tof 

pd The Moon’s abfolute motion from her Change to her firft 
Quarter, or from a to-4, is fo much flower than the Earth’s, that fhe 
falls 240 thoufand miles (equal to the Semidiameter of her Orbit) 
behind the Earth at her firft Quarter in 4, when the Earth is in B; 
that is, fhe falls back a fpace equal to her diftance from the Earth. 
From that time her motion is gradually accelerated to her Oppofition 
or Full at c, and then fhe is come up as far as the Earth, havin 
regained what fhe loft in her firft Quarter from @ to 6 From the 
Full to the laft Quarter at d her motion continues accelerated, fo as 
to be juft as far before the Earth at D, as fhe was behind it at her 
firft Quarter in 4. But, from d toe her motion is retarded fo, that 
fhe lofes as much with refpeét to the Earth as is equal to her diftance 
from it, or to the Semidiameter of her Orbit ; and by that means fhe 
comes to e, and is then in conjunétion with the Sun as feen from the 
Earth at E. Hence we find, that the Moon’s abfolute motion 1s flower 
than the Earth’s from her third Quarter to her firft; and {wifter than 
the Earth’s from her firft Quarter to her third: her path being lefs 
curved than the Earth’s in the former cafe, and more in the latter. 
Yet it is ftill bent the fame way towards'the Sun; for if we imagine 
the concavity of the Earth’s Orbit to be meafured by the length of a 
perpendicular line Cg, let down from the Earth’s place upon the 
ftraight line bed at the Full of the Moon, and connecting the places 
of the Earth at the end of the Moon’s firft. and third Quarters, 
that length will be about 640 thoufand miles ; and the Moon when 
New only approaching nearer to the Sun by 240 thoufand miles 
than the Earth is, the length of the perpendicular let down from 
her place at that time upon the fame ftraight line, and which fhews 
the concavity of that part of her path, will be about 400 thoufand 


miles. 


268. The Moon’s path being concave to the Sun throughout, de- 
montftrates that her gravity towards the Sun, at her conjunction, ex- 
ceeds her gravity towards the Earth. And if we confider that the 
quantity of matter in the Sun is almoft 230 thoufand times as great 
as the quantity of matter in the Earth, and that the i a 
ge of 
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The reafon why the Moon does not 


of each body diminifhes as the fquare of the diftance from it increafes, 
we fhall foon find, that the point of equal attra€tion where thefe two 
powers would be equally ftrong, is about 70 thoufand miles nearer the 
Earth than the Moon is at herChange. It may now appear fupprifing 
that the Moon does not abandon the Earth when the is between it and 
the Sun, becaufe fhe is confiderably more attra¢ted by the Sun than by 
the Earth at that time. But this difficulty vanifhes when we confider, 
that the Moon is fo near the Earth in proportion to the Earth’s diftance 
fromthe Sun, that fhe is but very little more attracted by the Sun at that 
time than the Earth is; and whilft the Earth’s attraction is greater upon 
the Moon than the difference of the Sun’s attraction upon the Earth and 
her (and that it is always much greater is demonftrable) there is no 
danger of the Moon’s leaving the Earth ; for if the fhould fall towards the 
Sun, the Earth would follow her almoft with equal fpeed. Theabfolute 
attraction of the Earth upon a drop of falling rain is much greater than 
the abfolute attraGtion of the particles of that drop upon each other, or 
of it’s center upon all parts of it’s circumference; but then the fide of 
the drop next the Earth is attraéted with {fo very little more force than 
it’s center, or even it’s oppofite fide ; that the attraction of the center of 
the drop upon it’s fide next the Earth is much greater than the difference 
of force by which the Earth attracts it’s nearer furface and center: on 
which account the drop preferves it’s round figure, and might be pro- 
jected about the Earth by a ftrong circulating wind fo as to be kept 
from falling to the Earth. It is much the fame with the Earth and 
Moon in refpect to the Sun; for if we fhould fuppofe the Moon’s 
Orbit to be filled with a fluid Globe, of which all the parts would 
be attracted towards the Earth in it’s center, but the whole of it 
much more attracted by the Sun; one part of it could not fall to the 
Sun without the other, and a fufficient projectile force would carry the 
whole fluid Globe round the Sun. A fhip, at the diftance of the 
Moon, failing round the Earth on the furface of the fluid Globe, could 
no more be taken away by the Sun when it is on the fide next him, 
than the Earth could be taken away from it when it is on the oppofite 
fide ; which could never happen unlefs the Earth’s projectile motion 
were ftopt; and if it were ftopt, the Ship with the whole fluid Globe, 
Earth and all together, would as naturally fall to the Sun as a drop 
of rain in calm air falls to the Earth. Hence we may fee, that the 
Earth is in no more danger of being left by the Moon at the Change, 
than the Moon is of being left by the Earth at the Full : the diameter of 
the Moon’s Orbit being fo fmall in comparifon of the Sun’s diftance, 
that the Moon is but little more or lefs attraéted than the Earth at any 
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time. And as the Moon’s projectile force keeps her from falling to the PL.. VU. 
Earth, fo the Earth’s projectile force keeps it from falling to the Sun. 


269. All the curves which Jupiter’s Satellites defcribe, are different 
from the path defcribed by our Moon, although thefe Satellites go 
round Jupiter, as the Moon goes round the Earth. Let dBCDE &c. Fig. 11. 
be as much of Jupiter’s Orbit as he defcribes in 18 days from 4 to T; 
and the curves a, J, c, d will be the paths of his four Moons going 
round him in his progreflive motion. 

Now let us fuppofe all thefe Moons to fet out from a conjunction The abfolute 
with the Sun, as feen from Jupiter. When Jupiter at 4 his firft : oe ee 
or neareft Moon will be at a, his fecond at 4, his third atc, and his fourth eae R 
at d. At the end of 24 terreftrial hours after this conjunction, Jupiter lineated. 
has moved to B, his firftt Moon or Satellite has defcribed the curve 
at, his fecond the curve 41, his third c1, and his fourth d1. The 
next day when Jupiter is at C, his firft Satellite has defcribed the curve a2 
from its conjunction, his fecond the curve 62, his third the curve c2, 
and his fourth the curve d2, and fo on. The numeral Figures un- 
der the capital letters fhew Jupiter’s place in his path every day for 
18 days, accounted from 4 to J; and the like Figures fet to the 
paths of his Satellites, fhew where they are at the like times. The 
firft Satellite, almoft under C, is ftationary at -+ as feen from the 
Sun; and retrograde from ++ to 2: at 2 it appears ftationary again, and 
thence it moves forward until it has paft 3, being twice ftationary, 
and once retrograde between 3 and 4. The path of this Satellite 
interfects itfelf every 42% hours of our time, making fuch loops as in 
the Diagram at 2. 3. 5.7.9. 10.12. 14. 16. 18, a little after every 
Conjunction. The fecond Satellite 4, moving flower, barely croffes it’s 
path every 3 days 13 hours; as at 4.7. 11. 14. 18, making only five 
loops and as many conjunctions in the time that the firft makes ten. 

The third Satellite ¢ moving ftill flower, and having defcribed the 

curve ¢ 1.2.3.4. 5.6.7, comes to an Angle at 7 in conjunction with 

the Sun at the end of 7 days 4 hours; and fo goes on to defcribe pio yyy. 
fuch another curve 7. 8.9. 10.11.12. 13.14, and is at 14 in it’s next 
conjunétion, The fourth Satellite d is always progreflive, making 
neither loops nor angles in the Heavens; but comes to it’s next con- 
junction at e between the numeral figures 16 and 17, or in 16 days 
18 hours. In order to have a tolerably good figure of the paths of 
thefe Satellites, I took the following method. 

Having drawn their Orbits on a Card, in proportion to their relative 


diftances from Jupiter, I meafured the radius of the Orbit of the 
fourth 


Fig. [Y. 
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PL. VI. fourth Satellite, which was an inch and a tenth part; then multiplied 
this by 424 for the radius of Jupiter’s Orbit, becaufe Jupiter is 424 
times as far from the Sun’s center as his fourth Satellite is from his cen- 

How to de- ter; and the product thence arifing was 466; inches. Then taking 

meer ;.afmall cord of this length, and fixing one end of it to the floor of 

49 Modis. 2 long room by a nail, with a black lead pencil at the other end I 
drew the curve 4BCD &c. and fet off a degree and an half thereon, 
from 4 to T; becaufe Jupiter moves only fo much, whilft his outer- 
moft Satellite goes once round him, and fomewhat more; {0 that this 
{mall portion of fo large a circle differs but very little from a ftraight 
line. This done, I divided the fpace AT into 18 equal parts, as 
AB, BC. &c. for the daily progrefs of Jupiter ; and each part into 
24. for his hourly progrefs. The Orbit of each Satellite was alfo di- 
vided into as many equal parts as the Satellite is hours in finifhing it’s 
fynodical period round Jupiter. Then drawing a right line through 
the center of the Card, as a diameter to all the 4 Orbits upon it, I 
put the card upon the line of Jupiter’s motion, and transferred it to 
every horary divifion thereon, keeping always the faid diameter-line on 
the line of Jupiter's path ; and running a pin through each horary di- 
vifion in the Orbit of each Satellite as the card was gradually transferred 
along the Line ABCD &c. of Jupiter’s motion, I marked points for 
every hour through the Card for the Curves deferibed by the Satellites 
as the primary planet in the center of the Card was carried forward 
on the line: and fo finifhed the Figure, by drawing the lines of 
each Satellite’s motion, through thofe (almoft innumerable) points : 
by which means, this is perhaps as true a Figure of the paths of thefe 

And Saturn’s. Satellites as can be defired. And in the fame manner might thofe for 
Saturn’s Satellites be delineated. 


The grand 270. It appears by the fcheme, that the three firft Satellites come 
"Gusev almoft into the fame line or pofition every feventh day ; the firft be- 
P ; ing only a little behind with the fecond, and the fecond behind with the 
third. But the period of the fourth Satellite is fo incommenfurate to 
the periods of the other three, that it cannot be gueffed at by the dia- 
gram when it would fall again into a line of conjunction with them, 
between Jupiter and the Sun. And-no wonder; for {uppofing them 
all to have been once in conjunction, it will require 3,087,043,493,260 
. years to bring them in a conjuction again: See § 72. 
ae Laetie 271. In Fig. 4th we have the proportions of the Orbits of Saturn’s 
tions of the five Satellites, and of Jupiter’s four, to one another, to our Moon’s 
Orbits of the Orbit, and to the Difc of the Sun. —S is the Sun; Mm the Moon’s 


Planets and 


Satellites. “Orbit (the Earth fuppofed to be at E;) J Jupiter; 1.2.3.4 the oh 
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The Curves defcribed by the fecondary Planets. 


bits of his four Moons or Satellites; Saf Saturn; and 1. 2. 3.4. 5 the 
Orbits of his five Moons. Hence it appears, that the Sun would much 
more than fill the whole Orbit of the Moon ; for the Sun’s diameter is 
763,000 miles, and the diameter of the Moon’s Orbit only 480,000. In 
proportion to all thefe Orbits of the Satellites, the Radius of Saturn’s 
annual Orbit would be 214 yards, of Jupiter’s Orbit 117, and of the 
Earth’s 2+, taking them in round numbers 
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$72, The 4 

annexed table | Proportion of the' Proportion of the}Proportion of the Ve- 
fhews at once et = Radius of thePlanet’s ‘Time of the Planet’s locity of each: Satel- 

dive vii a &. =| Orbit to the Radius, Revolution to thejlite to the Velocity 
by seu proper- i of the Orbit of each; Revolution of each}of its primary Pla- 
tion the Or- | & Satellite. Satellite. net. 
bits, Revolu- eh Se OT ck ee ee ee ae ee 
tions,andVe- |, 1JAs 5322 to 1 As 5738 to 1/As 5738 to 5322 
locities, of all ii 2. 41§5 1 890128 > He 03912 -4.155 
the Satellites |S 3 2954 1 2347. Il 2347 2954+ 
bear to thofe = 4 1295 91 674 1 674. 1295 
of on" pri- 5 ri | 134. #1 134 432 
mary rilanets, ITT Pe Sy Se Pah PF] 
and what fort |% 1J48 1851 torjAs 2445 to 1/As 2445 to 18 ¢1 
of curves the |= 2 1165 1 F219...1 ¥219 1165 
feveral Satel- |=: 3 730. id ne4 I 604. 73} 
lites defcribe. |& 4 424» oct 25 t 258 424 








For, thofeSa- |The | 4 ; 

As 471 to r1As 122 tor “JAs 12+ to + 
tellites whofe | Moon. 337: ; Sie Bi pe: 
velocities round 

their primaries are greater than the velocities of their primaries in open 


fpace, make loops at their conjunctions § 269 ; appearing retrograde 
as feen from the Sun whilft they defcribe the inferior parts of their 
Orbits, and direét whilft they defcribe the fuperior. This is the cafe 
with Jupiter’s firft and fecond Satellites, and with Saturn’s firft. But 
thofe Satellites whofe velocities are lefs than the velocities of their pri- 
mary planets move direct in their whole circumvolutions ; which is 
the cafe of the third and fourth Satellites of Jupiter, and of the fe- 
cond, third, fourth, and fifth Satellites of Saturn, as well as of our Sa- 
tellite the Moon: But the Moon is the only Satellite whofe mo- 
tion is always concave to the Sun. There is a table of this fort in 
De la Caile’s Aftronomy, but it is very different from the above, which 
I have computed from our Engli/b accounts of the periods and diftances 
of thefe Planets and Satellites. 
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Of the Harveft-Moon. 


CHA Brix Vii 


The Phenomena of the Harveft-Moon explained by a com- 
mon Globe: The years in which the Harveft-Moons are 
leaft and moft beneficial from 1751, to 1861. The long 
duration of Moon-lght at the Poles in winter. 


No Harvet- 273. JT is generally believed that the Moon rifes about 48 minutes 

Moon at the later every day than on the preceding; but this is true only 

se tapepanaet crite regard to places on the Equator. In places of confiderable La- 
titude there is a remarkable difference, efpecially in the harveft time ; 
with which Farmers were better acquainted than Aftronomers till of 
late ; and gratefully afcribed the early rifing of the Full Moon at that 
time of the year to the goodnefs of God, not doubting that he had 
ordered it fo on purpofe to give them an immediate fupply of moon- 
light after fun-fet for their greater conveniency in reaping the fruits of 
the earth. 

In this inftance of the harveft-moon, as in many others difcover- 
able by Aftronomy, the wifdom and beneficence of the Deity is con- 
fpicuous, who really ordered the courfe of the Moon fo, as to beftow 
more or lefs light on all parts of the earth as their feveral circum- 
{tances and feafons render it more or lefs ferviceable. About the E- 
quator, where there is no variety of feafons, and the weather changes 
feldom, and at ftated times, Moon-light is not neceffary for gathering 
in the produce of the ground; and there the moon rifes about 48 mi- 
nutes later every day or night than on the former. At confiderable 
diftances from the Equator, where the weather and feafons are more 
uncertain, the autumnal Full Moons rife very foon after fun-fet for fe- 

But remarka- Veral evenings together. At the polar circles, where the mild feafon 
ble according is of very {hort duration, the autumnal Full Moon rifes at Sun-fet from 
nA 9 Pa the firft to the third quarter. And at the Poles, where the Sun is for 
it. half a year abfent, the winter Full moons fhine conftantly without 
Bit fetting from the firft to the third quarter. 

jg teafon of — Tt is foon faid that -all thefe Phenomena are owing to the different 
Angles made by the Horizon and different parts of the Moon’s Orbit; 
and that the Moon can be full but once or twice in a year in thofe 
parts of her Orbit which rife with the leaft angles. But to explain this 

fubject intelligibly we muft dwell much longer upon it. 


274. The 








Of the Harveft-Moon. 


274. The * plane of the Equinoétial is perpendicular to the Earth’s PLATEIII. 


Axis: and therefore, as the Earth turns round its Axis, all parts of 
the Equinoctial make equal Angles with the Horizon both at rifing 
and fetting ; fo that equal portions of it always rife or fet in equal 
times. Confequently, if the Moon’s motion were equable, and in the 
FEquinoétial, at the rate of 12 degrees from the Sun every day, as it is 
in her Orbit, the would rife and fet 48 minutes later every day than 
on the preceding: for 12 degrees of the Equinodtial rife or fet in 48 
minutes of time in all Latitudes. 

275. But the Moon’s motion is fo nearly in the Ecliptic that we 
may confider her at prefent as moving in it. Now the different parts 
of the Ecliptic, on account of its obliquity to the Earth’s Axis, make 
very different Angles with the Horizon as they rife or fet. Thofe 
parts or Signs which rife with the {malleft Angles fet with the greateft, 
and vzce versd. In equal times, whenever this Angle is leaft, a greater 
portion of the Ecliptic rifes than when the Angle is larger; as may be 
feen by elevating the pole of a Globe to any confiderable Latitude, and 
then turning it round its Axis in the Horizon. Confequently, when the 
Moon is in thofe Signs which rife or fet with the fmalleft Angles, fhe 
rifes or fets with the leaft difference of time; and with the greateft 


difference in thofe Signs which rife or fet with the greateft Angles. . Fig. IIt. 


But, becaufe all who read this Treatife may not be provided with 
Globes, though in this cafe it is requifite to know how to ufe them, we 
fhall fubftitute the Figure of a Globe; in which FUP is the Axis, & 
TR the Tropic of Cancer, LT W the Tropic of Capricorn, 6 EUV? 
the Ecliptic touching both the Tropics which are 47 degrees from 
each other, and 4B the Horizon. The Equator, being in the mid- 
dle between the Tropics, is cut by the Ecliptic in two oppofite 
points, which are the beginnings of 9 Aries and < Libra. K is the 
Hour circle with its Index, F the North pole of the Globe ele- 


vated to the Latitude of London +, namely 514+ degrees above the Ho- Fig. m1. 


rizon; and P the South Pole depreffed as much below it. Becaufe 


of the oblique pofition of the Sphere in this Latitude, the Ecliptic has The different 

Angles made 
: s . We i by theEcliptic 
of 62 degrees with it when &6 Cancer is on the Meridian, at which and Horizon 


the high elevation No3 above the Horizon, making the Angle NUS3 


time = Libra rifes in the Eaft. But let the Globe be turned half 
round its Axis, till VY Capricorn comes to the Meridian and Y Aries 
rifes in the Eaft, and then the Ecliptic will have the low ele- 
* If a Globe be cut quite through upon any Circle, the flat furface where it is fo di- 
vided, is the plane of that circle. 
+ The figure fhews the Globe as if only elevated about 40 degrees, which was occa- 
fioned by an overlight in the drawing: but it is ftill fufficient to explain the Phenomena. 
, T vation 
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vation WZ above the Horizon making only an Angle NUL of 15 de- 
grees, with it; which is 47 degrees lefs than the former Angle, equal 


to the diftance between the Tropics. 


276. The fmalleft Angle made by the Ecliptic and Horizon is 
when Aries rifes, at which time Libra fets: the greateft when Libra 
rifes, at which time Aries fets. From the rifing of Aries to the rifing 
of Libra (which is twelve * Sidereal hours) the angle increafes; and 
from the rifing of Libra to the rifing of Aries it decreafes in the fame 
proportion. By this article and the preceding, it appears that the 
Echiptic rifes fafteft about Aries and floweft about Libra. 


277. On the Parallel of London, as much of the Ecliptic rifes about 


Pifces and Aries in two hours as the Moon 
Rifing Setting 








goes through in fix days: and therefore |& 2 2| Dit | Dit 
whilft the Moon is in thefe Signs, the dif- .}2|2 ¢ 
: 61H. M.|H. M. 


fers but two hours in rifing for fix days to- 
gether; that is, 20 minutes later every day 











1}o5 13] 1 S10 50 
or night than on the preceding. But in | ? x 8 a oie 
fourteen days afterwards, the Moon comes | 34]° i eee ¢ 

y wards, On CO 4 237 °r TOU ae 
to Virgo and Libra, which are the oppofite 5] PREF Aa eae sae 
Signs to Pifces and Aries; and then fhe dif- | 7}. “3]; 33)$ 74 
fers almoft four times as much in rifing ; 8 I5| 5 i o 18] 
namely, one hour and about fifteen minutes 7 # s 2 2 e 5 7 
later every day or night than the former, fi: 25) 4 4 otitfe 
whilft fhe is in thefe Signs; for by § 275 |12]4 811 13/0 39 
their rifing Angle ‘is at leaft four times as : vp te : 3 c 56 
great as that of Pifces and Aries. The an- }15 17} o 46} 1 “st 
nexed Table fhews the daily mean diffe- a * Si Tee j if 
rence of the Moon’s rifing and fetting on the 18 rs ° 3 : v6 
Parallel of London, for 28 days; in which |19]% 10} © 25/1 16 
time the Moon finifhes her period round |;; 3 : s boxe 
theEcliptic, and gets g degrees into the fame | 22 20} 0 I7/- 1 15 
Sign from the beginning of which fhe fet out. aa fo Re et Gee 
So it appears by the Table, that while the |2; 29} 0 4s 1 "1 
Moon is in WM) and = {fhe rifes an hour and 2p HB SE59 A OAD 
a quarter later every day than the for- jag} i pil 53 


mer; and differs only 24, 20, 18 or 17 mi- 





* The Ecliptic, together with the fixed Stars, make 3662 apparent diurnal revo- 
lutions about the Earth in a year; the Sun only 3653. ‘Therefore the Stars gain 
3 minutes 50 feconds upon the Sun every day: fo that a Sidereal day contains only 
23 hours 56 minutes of mean Solar time; and a natural or Solar day 24 hours. Hence 
12 Sidereal hours are 1 minute 58 feconds fhorter than 12 Solar. 
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nutes in fetting. But, when fhe comes to { and », fhe is only 20 or 
17 minutes later of rifing ; and an hour and a quarter later in fetting. 

278. All thefe things will be made plain by putting {mall patches 
on the Ecliptic of a Globe, as far from one another as the Moon moves 
from any Point of the celeftial Ecliptic in 24 hours, which at a mean 
rate is* 134 degrees; and then in turning the globe round, obferve the 
rifing and {fetting of the patches in the Horizon, as the Index points out 
the different times in the hour circle. A few of thefe patches are re- 
prefented by dots at o 1 2.3 &c. on the Ecliptic, which has the po- 
fition LUI when Aries rifes in the Eaft; and by the dots o 1 2 3, &c. 
when Libra rifes in the Eaft, at which time the Ecliptic has the po- 
fition EUV : making an angle of 62 degrees with the Horizon in the 
latter cafe, and an angle of no more than 15 degrees with it in the 
former ; fuppofing the Globe rectified to the Latitude of London: 

279. Having rectified the Globe, turn it until the patch ato, about 
the beginning of }€ Pifces on the half LUT of the Ecliptic, comes to 
the Eaftern fide of the Horizon; and then keeping the ball fteady, {et 
the hour Index to XII, becaufe that hour may perhaps be more eatfily 
remembred than any other. Then, turn the Globe round weftward, 
and in that time, fuppofe the patch o to have moved thence to 1, 
13: degrees, whilft the Earth turns once round its Axis, and you will 
fee that 1 rifes only about 20 minutes later than o did on the day be- 
fore. Turn the Globe round again, and in that time fuppofe the fame 
patch to have moved from 1 to 2; and it will rife only 20 minutes 
later by the hour-Index than it did at 1 on the day or turn before. 
At the end of the next turn, fuppofe the patch to have gone from 2 
to 3 at U, and it will rife 20 minutes later than it did at 2. And 
fo on for fix turns, in which time there will fcarce be two hours 
difference: Nor would there have been fo much if the 6 degrees of 
the Sun’s motion in that time had been allowed for. At the firft 
Turn the patch rifes fouth of the Eaft, at the middle Turn due Eaft, 
and at the laft Turn north of the Eaft. But thefe patches will be 9 
hours of fetting on the weftern fide of the Horizon, which fhews that 
the Moon will be fo much later of fetting in that week in which the 
moves through thefe two Signs. The caufe of this difference is evi- 
dent ; for Pifces and Aries make only an Angle of 15 degrees with 
the Horizon when they rife; but they make an Angle of 62 de- 
grees with it when they fet § 275. As the Signs Taurus, Gemini, 













































* ‘The Sun advances almoft a degree in the Ecliptic in 24 hours, the fame way that 
the Moon moves: and therefore, the Moon by advancing 134 degrees in that time 
goes little more than 12, degrees farther from the Sun than {he was on the day before. 
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Cancer, Leo, Virgo, and Libra rife fucceflively, the Angle increafes 
gradually which they make with the Horizon; and decreafes in the 
fame proportion as they fet. And for that reafon, the Moon differs 
gradually more in the time of her rifing every day whilft theis in thefe 
Signs, and lefs in her fetting: After which, through the other fix Signs, 
viz. Scorpio, Sagittary, Capricorn, Aquarius, Pifces, and Aries, the 
rifing difference becomes lefs every day, until it be at the leaft of all, 
namely, in Pifces and Aries. 

280. The Moon goes round the Ecliptic in 27 days 8 hours; but 
not from Change to Change in lefs than 29 days 12 hours: fo that 
fhe is in Pifces and Aries at leaft once in every Lunation, and in fome 
Lunations twice. 

281. If the Earth had no annual motion, the Sun would never: 
appear to fhift his place in the Ecliptic. And then every New Moor 
would fall in the fame Sign and degree of the Ecliptic, and ever 
Full Moon in the oppofite: for the Moon would go precifely round the 
Ecliptic from Change to Change. So that if the Moon ‘was once Fulf 
in Pifces, or Aries, fhe would always be Full when fhe came round 
to the fame Sign and Degree again. And as the Full Moon rifes 
at Sun-fet (becaufe when any point of the Ecliptic fets the oppofite 
points rifes) fhe would conftantly rife within two hours of Sun-fet 
during the week in which fhe were Full. But in the time that the 
Moon goes round the Ecliptic from any conjunction or: oppofition;. 
the Earth goes almoft a Sign forward; and therefore the Sun will 
feem to go as far forward in that time, namely 27+ degrees: fo 
that the Moon muft go 274 degrees more than round; and as muclr 
farther-as the Sun advances in that interval, which is 2,7"; degtees, 
before fhe can be in conjunétion with, ‘or oppofite 


to the Sun again. 
Hence it is evident, that there can be but: one conjunction or 


oppofition of the Sun and Moon in a year in any particular’ part: 
of the Ecliptic. This may be familiarly exemplified by the hour 
and minute hands of a watch, which are never in conjunction or 
oppofition ‘in that part of the dial-plate’ where they were fo laft 
before. And indeed if we compare the twelve hours on the dial- 
plate to the twelve Signs of the Ecliptic, ‘the hour-hand to the 
Sun and the minute-hand to the Moon, we: fhall have a tolerab] 

near refemblance in miniature to the motions of our great celeftial 
Luminaries. The only. difference is, that whilft the Sun 
once round the Ecliptic the Moon makes 124 
him: but whilft the hour-hand goes round the 
nute-hand makes only 11 conjunétions with it; 


goes 
conjunctions with, 
dial-plate the mi- 
becaufe the minute- 


hand. 
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hand moves flower in refpect of the hour-hand than the Moon: does 
with regard to the Sun. 
282. As the Moon can never be full but when fhe, is oppofite to the 


Sun, and the Sun is never in Virgo and Libra but in our autumnal ion 


months, ’tis plain that the Moon is never full in the oppofite Signs, 
Pifces and Aries, but in thefe two months. And. therefore we can 
have only two Full Moons in the year, which rife fo near the time of 
Sun-fet for a week together as above-mentioned. The former of thefe 
is called the Harveft Moon, and the latter the Hunter's Moon. 

283. Here it will probably be afked, why we never obferve this re- 
markable rifing of the Moon but in harveft, fince fhe is in Pifces and 
Aries at leaft twelve times in the year befides; and mutt then rife 
with as little difference of time as in harveft?, The anfwer is plain: 
for in winter thefe Signs rife at noon; and being then only a Quarter 
of a Circle diftant from the Sun, the Moon in them is in her firft Quar- 
ter: but when the Sun is above the Horizon the Moon’s rifing is 
neither regarded nor perceived. In {pring thefe Signs rife with the Sun 
becaufe he is then in them’; and as the Moon changeth in them at 
that time of the year, fhe is quite invifible. In fummer they rife 
about mid-night, and the Sun being then three Signs, or a Quarter 
ef a Circle before them, the Moon is in them about her third Quarter ; 
when rifing fo late, and giving but very little light, her rifing pafles 
unobferved. And in autumn, thefe Signs being oppofite to the. Sun, 
rife when he fets, with the Moon in oppofition, or at. the Full, which 
makes her rifing very confpicuous.. 


284. At the Equator, the North and South Poles lie in the Horizon, 
and therefore the Ecliptic makes the fame Angle fouthward with the 
Horizon when Aries rifes as it does northward when Libra rifes. .Con- 
fequently, as the Moon at all the fore-mentioned paiches rifes and fets 
nearly at equal Angles with the Horizon all the year round; and about 
48 minutes later every day or night than on the preceding, there can 
be no particular Harveft Moon at the Equator. 

285. The farther that any place is from the Equator, if it be not 
beyond the Polar Circle, the Angle gradually diminifhes which the 
Ecliptic and Horizon make when Pifces and Aries rife: and therefore 
when the Moon is in thefe- Signs fhe rifes with a nearly proportionable 
difference later every day than on the former; and is for that reafon 
the more remarkable: about the Full, until we come to the Polar 
Circles, or 66 degrees: from the Equator ;. in which Latitude the 


Ecliptic and Horizon become coincident every day for 2 moment, 
at 
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at the fame fidereal hour (or 3 minutes 56 feconds fooher.every day 
than the former) and the very next moment one half of the Ecliptic 
containing Capricorn, Aquarius, Pifces, Aries,, Taurts,;and Gemini 
rifes, and the oppofite half fets. Therefore, whift the Moon.is go- 
ing from the beginning of Capricorn to the beginning of Cancer, 
which is almoft 14 days, fhe rifes at the fame fidereal hour); and in 
autumn juft at Sun-fet, becaufe all that half of the| Ecliptic in which 
the Sun is at that time fets at the fame fidereal-hour,. andthe oppofite 
half rifes: that is,.3 minutes’ 56 feconds; of mean folar tine, {ooner 
every day than on the day before: So whilft the Moon is-going from 
Capricorn to Cancer fhe rifes earlier every day thah on the preceding; 
contrary to- what fhe does at all places between the polar Circles, - But 
during the above fourteen days, the Moon is 2z. fidereal hours Jater in 
fetting; for the fix Signs which rife all at once on the eaftern fide -of 
the Horizon are 24 hours in fetting on the weftern fide of it: as any 
ene may fee by making chalk-marks at the beginning of Capricorn and 
of Cancer, and then, ‘having elevated the Pole 664 degrees, turn the 
Globe flowly round it’s Axis, and obferve the rifing and fetting of the 
Ecliptic. As‘the beginning of Aries is equally diftant from the begin- 
ning of Cancer and of Capricorn, it is:m the middle of that half of 
the Ecliptic which rifes all at once. And when the Sun is at the begin- 
ning of Libra, he is in the middle of the other half.. Therefore, when 
the Sun is in Libra and the Moon in Capricorn, the Moon is a Quarter 
of a Circle before the Sun; oppofite to him, and confequently full in 
Aries, and a Quarter of a Circle behind him when in Cancer. But 
when Libra rifes Aries fets, and all that half of the Ecliptic of which 
Aries is the middle. And therefore, at that time of the year the Moon 
rifes at Sun-fet from her firft to her third Quarter. | 

286. In northern Latitudes, the autumnal Full Moons are in Pifces 
and Aries; and the vernal Full Moons in Virgo and Libra: in fouthern 
Latitudes juft the reverfe becaufe the feafons are contrary. But 
Virgo and Libra rife at as fmall Angles with the Horizon in fouthern 
Latitudes as Pifces and Aries do in the northern; and therefore 
the Harveft Moons are juft as regular on one fide of the Equator as on 
the other. 

287. As thefe Signs which rife with the leaft Angles fet with the 
ereateft, the vernal Full Moons differ as much in their times of rifing 
every night as the autumnal Full Moons differ in their times of fet- 
ting ; and fet with as little difference as the autumnal Full Moons rife: 
the one being in all cafes the reverfe ‘of the other. 


288, Hitherto, 










































Of the Harveft-~Moon. 
288. Hitherto, for the fake of plainnefs, we have fuppofed the Moon 


to move in the Ecliptic, from which the Sun never deviates. But the 
Orbit in which the Moon really moves is different from the Ecliptic : 
one half being elevated 5+ degrees above it, and the other half as much 
depreffed below it. The Moon’s Orbit therefore interfects the Eclip- 
tic in two points diametrically oppofite to-each other: and thefe inter- 


fections are called the Moon’s Nodes. So the Moon can never be in the The Moon’s 
Ecliptic but when fhe is in either of her Nodes, which is at leaft Nodes. 


twice in every courfe from Change to Change, and fometimes thrice. 
For, as the Moon goes almoft a whole Sign more than round her Or- 
bit from Change to Change; if fhe pafles by either Node about the 
time of Change, the will pafs by the other in about fourteen days after, and 
come round to the former Node two days again before the next Change. 
That Node from which the Meon begins to afcend northward, or 
above the Ecliptic, in northern Latitudes, is called the Ajfcending Node ; 
and the other the De/cending Node, becaufe the Moon, when fhe paffes 
by it, defcends below the Ecliptic fouthward. 

289, The Moon’s oblique motion with regard to the Ecliptic caufes 
fome difference in the times of her rifing and fetting from what is 
already mentioned. For whilft fhe is northward of the Ecliptic, fhe rifes 
fooner and {ets later than if fhe moved in the Ecliptic : and when the is 
fouthward of the Echptic fhe rifes later and fets fooner. This difference 
is variable even in the fame Signs, becaufe the Nodes fhift backward 
about 19; degrees in the Ecliptic every year ; and fo go round it con- 
trary to the order of Signs in 18 years 22 5 days. 

290. When the Afcending Node is in Aries, the fouthern half of the 
Moon’s Orbit makes an Angle of 5+ degrees lefs with the Horizon than 
the Ecliptic does, when Aries rifes in northern Latitudes: for which 
reafon the Moon rifes with lefs difference of time whilft the is in Pifces 
and Aries than there would be if fhe kept in the Ecliptic. Butin 9 years 
and 112 days afterward, the Defcending Node comes to Aries; and then 
the Moon’s Orbit makes an Angle 5+ degrees greater with the Horizon 
when Aries rifes, than the Ecliptic does at that time ; which caufes the 
Moon to rife with greater difference of time in Pifcées and Aries than 
if fhe moved in the Ecliptic. 

291. Yo bea little more particular, when the Afcending Node is in 
Aries, the Angle is only g> degrees on the parallel of London when 
Aries rifes. But when the Defcending Node comes to Aries, the Angle 
is 20+ degrees; this occafions as great a difference of the Moon’s rifing 
in the fame Signs every g years, on the parallel of London, as there would 
be on two parallels 19% dégrees from one another, if the Moon’s courfe 
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were in the Ecliptic. The following Table fhews how. much the 

obliquity of the Moon’s Orbit affects her rifing and fetting on the parallel 

of London from the 12th to the 18th day of her age ; fuppofing her to be 

Full at the autumnal Equinox ; andthen, either in the Afcending Node, 
higheft part of her Orbit, Defcending Node, or loweft part of her 

. Orbit. M fignifies morning, / afternoon; and the line at the foot of 
the Table fthews a week’s difference in rifing and fetting. 







Full in her Af-|In the higheft j Pull in her De-} In the loweft 
cending node. {|partof herOrbit.| fcending node. | partof her Orbit 
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This Table was not computed, but only eftimated as near as could 
be done from a common Globe, on which the Moon’s Orbit was deli- 
neated with a black lead pencil. It may at firft fight appear erroneous; 
fince as we have fuppofed the Moon to be full in either Node at the 
autumnal Equinox, fhe ought by the Table to rife juft at fix o'clock, 
or at Sun-fet, on the 15th day of her age; being in the Eclip- 
tic at that time. But it muft be confidered, that the Moon is only 
143 days old when fhe is Full; and therefore in both cafes fhe is a 
little paft the Node on the 15th day, being above it at one time, and 
below it at the other. 

292. As there is a compleat revolution of the Nodes in 182 years, 
there muft be a regular period of all the Varieties which can happen 

The period of in the rifing and fetting of the Moon during that time. But this fhift- 
ae ing of the Nodes never affects the Moon’s rifing fo much, even in her 
it guickeft defcending Latitude, as not to allow us ftill the benefit of her 
rifing nearer the time of Sun-fet fora few days together about the Full 

in Harveft, than when the is Full at any other time of the year. The 

following Table fhews in what years the Harveft-Moons are leaft bene- 

ficial as to the times of their rifing, and in what years moft, from 1751 

to 1861. The column of years under the letter L are thofe in which 

the Harveft-Moons are leaft of all beneficial, becaufe they fall about 

the Defcending Node: and thofe under Mare the moft of all bene» 

I ficial, 
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neficial, becaufe they fall about the Afcending Node. . In all. the’ co- 


lumns from N to S the Harveft-Moons defcend gradually in the Lunar 
Orbit, and rife to lefs heights above the Horizon. From S to N they 
afcend in the fame proportion, and rife to greater heights above the 
Horizon. In both the columns under § the Harveft-Moons are in the 
loweft part of the Moon’s Orbit, that is, fartheft South of the Ecliptic; 
and therefore ftay fhorteft of all above the Horizon: in the columns 
under NV juit the reverfe.. And.in both cafes, their rifing, though not 
at the fame times, -are nearly the fame with regatd to difference of 
time, as if the Moon’s Orbit were coincident with the Ecliptic. 


Years in which the Harveft-Moons are leaf beneficial. 
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Years in which they are moft, beneficial. 
S M N 
1760 1761 1762 1763> 1764 1765 1766 1767 1768 1769 
1779 «1780-1781 1782. .1783 ) 1784 1785 1786. 1787 
1798 1799 1800 1801 1802) 1803 1804. 1805 1806 
1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 
1835 1836 1837 1838 1839 1840 1841 1842 1843 
1853 1854 1855 1856 1857 1858 1859 1860. 1861 


293. At the Polar Circles, when the Sun touches the Summer Tro- 
pic, he continues 24 hours above the Horizon; and 24 hours below it 
when he touches the Winter Tropic. For the fame reafon the Full 
Moon neither rifes in Summer, nor fets in Winter, confidering her as 
moving in the Ecliptic. For the Winter Full Moon being as high in 
the Ecliptic as the Summer Sun, muft therefore continue as long 
above the Horizon ; and the Summer Full Moon being as low in the 
Ecliptic as the Winter Sun, can no more rife than he does. But 
thefe are only the two Full Moons which happen about the Tropics, 
for all the others rife and fet. In Summer the Full Moons are low, 
and their {tay is fhort above the Horizon, when the nights are fhort, 
and we have leaft occafion for Moon-light: in Winter they go high, 
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; 146 The long duration of Moon-light at the Poles. 


PL. VII. and ftay long above the Horizon when the nights are long, and we 
t want the greateft quantity of Moon-light. 

The long 294. At the Poles, one half of the Ecliptic never fets, and the other 

continuance half never rifes: and therefore, as the Sun is always half a’ year in 
} of Moon- babs s a ae : A 

light at the defcribing one half of the Ecliptic, and as long in going’ through the 

Poles. other half, ’tis natural to imagine that the Sun continues: half a year 

together above the Horizon of each Pole in it’s turn, and as long 

elow it; rifing to one Pole when he fets to the other. This would 

be exactly the café: if there “were ‘no refraction: but by the Atmo- 

{fphere’s refracting the Sun’s ‘rays, he becomes -vifible’ fome days 

fooner § 183, and continues fome days longer in fight than he would 

otherwife do: fo that he appears above the Horizon of either Pole 

before he has got below the Horizon of the other. And, as he never 

goes more than 23+ degrees below the Horizon jof the Poles, they 

have very little dark night: it being twilight there: as well: as at~all 

other places till the Sun be18 degrees below the Horizon, ,§ 177. 

The Full Moon being always oppofite to the Sun, can never be feen 

while the Sun is above the Horizon, except when the Moon falls in 

the northern half of her Orbit; for whenever any point of the Ecliptic 

rifes the oppofite point fets. Therefore, as the Sun is above the Horizon 

of the north Pole from thé‘zoth ‘of March till the 23d of September, 

it is plain that the Moon, when Full, being oppofite to the Sun, muft 

be below the Horizon during that jhalf of the year. But when the 

Sun is in the fouthern half of the Ecliptic: he: nevercrifes to the 

‘north Pole, during which half of the year, every Full Moon happens 

| ‘in fome :part of the northern:half of the Ecliptic, ‘which never ets, 

Confequently, sas the polar Inhabitants never: fee the Full Moon: in 

Summer, they have her: always in the Winter, before, -at, and after 

thé Full, fhining for 14 of our days and nights. And when the Sun 

is at his greateft depreffion’ below ‘the Horizon, being then in Capri- 

corn, *the: Moon is'atcheroFirft Quarterin Artes, Fulbim’Cancer, and 

at her’Fhird Quarter in ‘Libra. And as the beginning of Aries. is»the 

rifing point of the Ecliptic, Cancer the higheft, and Libra the fetting 

point, the: Moon rifes:at her Firft Quarter in Aries, is‘moft elevated 

above ‘the. Horizon,’ and’ Full in'Cancer, ‘and ‘fets at the beginning of 

Libra inoher Third Quarter,’ having ‘continued vifible for 4 diirnal 

rotations‘of the Barth?’ Thus‘the*Poles are “fuppliced one half/6f the 

winter time with conftant Moon-light in the Sun’s abfence; and only 

lofe fight of the Moon*from her Third to her Firft Quarter, -while fhe 

gives but very little light ; and‘could be but of little, andfometimes of ne 

Fig. V. fervice'to them. A bare ‘view of the Figure will make this plain ; in 

I which 
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which let $ be the Sun, ¢ the Earth in Summer when it’s north Pole 
m inclines toward the Sun, and E the Earth in Winter, when it’s north 
Pole declines from-him. ~SEN and NWS is the Horizon of the; north 
Pole, which .1s coincident with the Equator; and, in both thefe pofi- 
tions of the Earth, 9 95 VW is the Moon’s Orbit, in which the goes 
round the Earth, according to the order of the letters abcd, ABCD. 
When the Moon is at a the is in her ‘Third Quarter to the Earth at e, 
and -juft rifing to the north Pole 7; at d the changes, and is at the 
greate(t height above the Horizon, .as the Sun likewife is; at.c the is 
in her Firft.Quarter, fetting below the. Horizon; and is loweft of all 
under it at ¢,, when oppofite ‘to the Sun, and her enlightened fide.to- 
ward the Earth. - But then fhe is. full in view to the fouth Pole p; 
which is,as much turned from the Sun. as the north Pole inclines to- 
wards him. Thus in;our Summer, the.Moon is. above the Horizon 
of the north Pole whilft the defcribes the northern half of the Eclip- 
tic 7° 95%, or from her Third Quarter: to. her Firft; and below. the 
Horizon during the progrefs through the fouthern half Wp ; higheft 
at the Change, moft depreffed. at the Full. But in winter, when 
the Earth is at #, and it’s north Pole declines. from the Sun, the New 
Moon at .D is.at her greatef{t depreflion below.the Horizon NWS, and 
the Full Moon at B at her greateft height above it; rifing at her Firft 
Quarter 4, and keeping above the Horizon till fhe comes to her Third 
Quarter C. At a mean ftate fhe is 23+ degrees above the Horizon 
at B and 4, and as much below. it ,at.,.D, and d, equal to the inclina- 
tion of the Earth’s Axis F. $95. and. SV are, as it wére, a ray of 
light proceeding from the Sun to the Earth; and fhews that wher the 
Earth is at e, the Sun is above the Horizon, vertical to the Tropic of 
Cancer; and when the Earth is at E, he is below the Horizon, vertical 
to the Tropic of Capricorn. 


MEd ctu ol woh, 28 Vel 
Of the ebbing and flowing of the Sea. 


295. TT HE. caufe of the Tides. was difcovered by Kepier, who, 

in his Introduétion,.to. the Phyfics of the, Heavens; thus ex- 
plains it: ‘* The Orb of the attraGing power, which is in’ the Moon, The caufe of 
is extended as far as the Earth; and draws the waters under the torrid ee dif- 
Zone, acting upon places where it is vertical, infenfibly on confined are | 
feas and bays, but.fenfibly on, the ocean whofe beds are large, and the 
U 2 waters 
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PLATEIX, waters have the liberty of reciprocation ; that is, of rifing and falling.” 
And in the 7oth page of his Lunar Aftronomy —— * But the caufe of 
the Tides of the Sea appears to'be the bodies of the Sun and Moon 

Their Theory drawing the waters of the Sea.” ‘This hint being given, the immortal Sir 

peprONes ey Isaac Newron improved it, and wrote fo amply on the fubjett, as 

Newton. to make the Theory of the Tides in a manner quite his own; by 
difcovering the caufe of their rifing on the fide of the Earth oppofite 
to the Moon. For Krprer believed that the prefence of the Moon 
occafioned an impulfe which caufed another in her abfence. 

Explained on — 296. It has been already thewn § 106, that the power of gravity 

the Newtoni- diminifhes as the {quare of the diftance increafes ; and therefore the 

an principles. water at (26h the fide of the Earth ABCDEFGH next the Moon 
M are more attracted than the central parts of the Earth O by the 

Fig. 1, Moon, and the central parts are more attracted by her than the waters 
on the oppofite fidé of the Earth at 7: ‘and therefore the diftance be- 
tween the Earth’s center and the waters on it’s furface under and Oppo- 
fite to the Moon will be increafed. For, let there be three bodies at 

Fig. I. fH, O, and D: if they are all equally attracted by the body M, they 
will all move equally faft toward it, their mutual diftances from each 
other continuing the fame. | If the attraGion of MW is unequal, then 
that body which! is moft {trongly attracted will move fafteft, and this 
will increafe it’s diftance from the other body. Therefore, by the law 
of gravitation, M will attraét H more ftrongly than it does O, by which, 
the diftance between H and O-will be increafed: anda {fpectator on O 
will’ perceive “H rifine: ‘highér’toward Z. -In like manner, O being 
moré {trongly attracted than D, it’ will move farther towards 4 than 
D does: confequently, the diftance between O and D will be in- 
creafed ; and a fpeétator on O, not perceiving his own motion, will fee 
D receding farther from him towards 7: all effeéts and appearances 
being the fame whether D recedes from O or O from D. 

297. Suppofe now there is a numberof bodies, as 4,B,C,D,E,F.G,H 
placed round O, fo as to form a flexible or fluid ring: then, as the 
whole is attracted towards M, the parts at Aland D will have their 
diftance from O increafed ; whilft-the parts at B and FP, being nearly 
at the fame diftance from M as O is, thefe parts will not recede from one 
another; but rather, by the oblique attra@tion of M, they will approach 
nearer to O. Hence, the fluid ring will form itfelf into an ellipfe 
ZIBLNKFNZ, whofe longer Axis OZ produced will pafs through JM, 
and it’s fhorter Axis BOF will terminate in B and F. Let the ring be 
filled with bodies, fo as to forma flexible or fluid {phere round O; 
then, as the whole moves toward M, thé fluid {phere being lengthned 
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at Zand x, will affume an oblong or oval form. If Mis the Moon, PLATEIX. 
O the Earth’s center, ABCDEFGH the Sea covering the Earth’s fur- f 
face, ’tis evident by the above reafoning, that whilft the Earth by it’s 

gravity falls toward the Moon, the Water dire@ly below her at B 

will {well and rife gradually towards her: alfo, the Water at D will 

recede from the center [{triCtly {fpeaking, the center recedes from Dj] and 

rife on the oppofite fide of the Earth: whilft the Water at B and F is 

depreffed, and falls below the former’ level. Hence, as the Earth 

turns round it’s Axis from the Moon to the Moon again in 24+ hours, 

there will be two tides of flood and two of ebb in that time, as we 

find by experience. 

298. As this explanation of the ebbing and flowing of the Sea 
is deduced from the Earth’s conftantly falling toward the Moon 
by the power of gravity, fome may find a difficulty in conceiving 
how this is poflible when the Moon is Full, or’ in oppofition to 
the Sun; fince the Earth revolves about the Sun, and muft con- 
tinually fall towards it, and therefore cannot fall contrary ways at the 
fame time: or if the Earth is conftantly falling towards the Moon, 
they muft come together at laft. To remove this difficulty, let it be 
confidered, that it is not the center of the Earth that defcribes the 
annual Orbit round the Sun; but the * common center of gravity of 
the Earth and Moon together: and that whilft the Earth is moving 
round the Sun, it alfo defcribes a Circle round that centre of gravity ; 
going as many times round it in one revolution about the Sun as there 
are Lunations or courfes of the Moon round the Earth in a year: and 
therefore, the Earth is conftantly falling towards the Moon from a 
tangent to the Circle it defcribes round the faid common center of gra- 
vity. Let M be the Moon, IW part of the Moon’s Orbit, and C Fig. 15 
the center of gravity of the Earth and Moon: whilft the Moon goes 
round her Orbit, the center of the Earth defcribes the Circle ged round 
C, to which Circle ga’ is a tangent: and therefore, when the Moon 
has gone from M to a little paft W, the Earth has moved from g to 
e; and in that time has fallen towards the Moon, from the tangent at 
a toe; and fo round the whole Circle. 


* This center is as much nearer the Earth’s center than the Moon’s as the Earth fs 
heavier, or contains a greater quantity of matter than the Moon, namely about 40 
times. If both bodies were fufpended on it they would hang in @guilibrie. So that 
dividing 240,000 miles, the Moon’s diftance from the Earth’s center, by 40 the ex- 
cefs of the Earth’s weight above the Moon’s, the quotient will be 6000 miles, which 
is the diftance of the common center of gravity of the Earth and Moon from the 
Earth’s center. 


299. The 
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| PLATEIX. 299. The Sun’s influence in raifing the Tides is but {mall in com- 
Gi parifon of the Moon’s: For though the Earth’s diameter bears a con- 
MS elk . fiderable proportion to it’s diftance from the Moon, it ‘1s: next ‘to no- 
hy ane thing when compared with the diftance of the Sun. And therefore; 
Mh, the difference of the Sun’s attraction on the fides of the Earth under 
Mes KY and oppofite to him, is much lefs than the difference of the Moon’s 
i attraction on the fides of the Earth under and: oppofite to her: and 
therefore the Moon muft raife the Tides much higher.than they can be 
raifed by the Sun. | 


Why the 300. On this Theory fo far as we have explained it, the Tides ought 
ee ein to be higheft dire€tly under and oppofite to the Moon; that is, when 
the Moonison the Moon is due north and fouth. But we find, that: in open Seas, 
i the Meridian. where the’ water flows freely, ‘the Moon J 1s generally paft the north 
arta Fig. J. and fouth Meridian as at p when it 1s high water at Z and at . The 
| reafon is obvious ; for though the Moon’s attraction was to ceafe alto- 
| gether when fhe was paft the Meridian, yet the motion of afcent com- 
Mh tek municated to the water before that time would make it continue to 
4 rife for fome time after; much more mutt it do fo when the attraGion 
is only diminifhed: as a little imptlfe given to a moving. ball wilh 
caufe it ftill move farther than otherwife it could’ have done.’ And:as 
experience fhews, that the day is hotter about three in the afternoon, 
_ than when the Sun is on the Meridian, becaufe of the increment made 
to the heat already imparted. 
Nor always 301. The Tides anfwer not always to the fame diftance of the Moon 
be oe from the Meridian at the fame places; but are varioufly affected by 
fame diftance the action of the Sun, which brings them on fooner when the Moon 
from it. is in her firft and third Quarters, and keeps them back later when fhe 
is in her fecond and fourth: becaufe, in the former cafe, the Tide 
raifed by the Sun alone’ would be earlier’ than the Tide raifed by the 
Moon; and in the latter cafe later. 


302. The Moon goes round the Earth in an elliptic Orbit, and 

therefore fhe approaches nearer to the Earth than her mean diftance, 

| Spring and and recedes farther from it, in every Lunar Month. When fhe is neareft 
Bh neap Tides. the ateracts ftrongeft, and fo rifes thé Tides moft ; the contrary happens 
Mal when {fhe is fartheft, becaufe of her weaker attraction. When both 
Rie Luminaries are in the Equator, and the Moon in Perigeo, or at her 
| leaft diftance from the Earth, fhe raifes the Tides higheft of all, 
efpecially at her Conjunction and Oppofition; both becaufe the equa- 
REE) toreal parts have the greateft centrifugal force from their defcribing the 
largeft 
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large{t Circle, and from the concurring actions of the Sun and Moon. PLATEIX, 
At the Change, the attractive forces of the Sun and Moon being uni- 
ted, they diminifh the gravity of the waters under the Moon, which 
is alfo diminifhed on the other fide, by means of a greater centrifugal 
force. At the full, whilft the Moon raifes the Tide under and op- Fig. VI. 
pofite to her, the Sun a¢ting in the fame line, raifes the Tide under and 
oppofite to him; whence their conjoint effect is the fame as at the 
Change ; and in both cafes, occafion what we call the Spring Tides. 
But at the Quarters the Sun’s ation on the waters at Oand Hdiminithes 
the Moon’s a¢tion on the waters at Z and N; {fo that they rife a little 
under and oppofite to the Sun at O and A, and fall as much under and 
oppofite to the Moon at Z and N; making what we call the Neap 
Tides, becaufe the Sun and Moon then aé crofs-wife to each other. 
But, ftrictly fpeaking, thefe Tides happen not till fome time after; be- 
caufe in this, as in other cafes, § 300, the actions do not produce the 
greateft effect when they are at the {trongeft, but fome time afterward. 
303. The Sun being nearer the Earth in Winter than in Summer, pe ca 
§ 205, is of courfe nearer to it in February and Odfober than in March Ea Sa 
and September: and therefore the greateft Tides happen not till fome why. 
time after the autumnal Equinox, and return a little before the vernal. 
The Sea being thus put in motion, would continue to ebb and The Tides 


flow for feveral times, even though the Sun-and Moon were annihi- ares 5H. 
lated, or their influence fhould ceafe: as if a bafon of water were ceafeupon the 
agitated, the water would continue to move for fome time after the err i 
bafon was left to ftand ftill. Or like a Pendulum, which having been and Moon, 
put in motion by the hand, continues to make feveral vibrations without 


any new impulfe. ‘ 


304. When the Moon is in the Equator, the Tides are equally nae pri 
high in both parts of the lunar day, or time of the Moon’s revolv- “*” ¥?** 
ing from the Meridian to the Meridian again, which is 24 hours 48 
minutes. © But as the Moon declines from the Equator towards either 
Pole, the Tides are alternately higher and lower at places having north The Tides | 
or fouth Latitude. For one of the higheft elevations, which is that heehee 
under the Moon, follows her towards the fame Pole, and the other fame day, and 
declines towards the oppofite; each deferibing parallels as far diftant Why- 
from the Equator, on oppofite fides, as the Moon declines from it to 
either fide ; and confequently, the parallels defcribed by thefe eleva- 
tions of the water are twice as many degrees from one another, as 
the Moon is from the Equator; increafing their diftance as the Moon 
increafes her declination, till it be at the greateft, when the faid i 
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x. lels are, at a mean ftate, 47 degrees from one another: and on that 


day, the Tides are moft unequal in their heights. As the Moon 
returns toward the Equator, the parallels deferibed by the oppofite 
elevations approach towards each other, until the Moon comes to the 
Fquator, and then they coincide. As the Moon declines toward the 
oppofite Pole, at equal diftances, each elevation defcribes the fame 
parallel in the other part of the lunar day, which it’s oppofite elevation 
defcribed before. Whilft the Moon has north declination, the greateft 
Tides in the northern Hemifphere are when fhe is above the Horizon; 


‘and the reverfe whilft her declination is fouth. Let NES be the 
v. Earth, NCS its Axis, EQ the Equator, 19 the Tropic of Cancer, 


¢¥ the Tropic of Capricorn, ad the ardtic Circle, ed the Antarétic, NV 
the north Pole, S the fouth Pole, Mdthe Moon, F and G the two 
eminences of water, whofe loweft parts are at a and d (Fig. III.) at 
N and § (Fig. IV.) and at d and c (Fig. V.) always go degrees from 
the higheft. Now when the Moon is in her greateft north declination 
at M, the higheft elevation G under her, is on the Tropic of Cancer 
TS, and the oppofite elevation Fon the Tropic of Capricorn ¢V8 ; and 
thefe two elevations defcribe the Tropics by the Earth’s diurnal rotation. 
All places in the northern Hemifphere ENQ have the higheft Tides 
when they come. into the pofition 699, under the Moon; and the 
loweft 'Tides when the Earth’s diurnal rotation carries them into the 
pofition eTE, on the fide oppofite to the Moon; the reverfe happens 
at the fame time in the fouthern Hemifphere ESQ, as is evident to 
fight. ‘The Axis of the Tides. aCd has now it’s Poles a and d (being 
always go degrees from the higheft elevations) in the artic and 
antarctic Circles; and. therefore ’tis plain, that at thefe Circles there is 
but one Tide of Flood, and one of Ebb, in the lunar day. For, 
when the point @ revolves half round to 4, in 12 lunar hours, it has 
a Tide of Flood; but when it comes to the fame point @ again in 
12 hours more, it has the loweft ebb. In feven days afterward, the 
Moon M comes to the equinoétial Circle, and is over the Equator FQ, 
when both Elevations defcribe the Equator; and in both Hemifpheres, 
at equal diftances from the Equator, the Tides are equally high in both 
parts of the lunar day. The whole Phenomena being reverfed when 
the Moon has fouth declination to what they were when her declina- 
tion was north, require no farther defcription. » 
_ 305. In the three laft-mentioned Figures, the Earth is orthogra- 
phically projected on the plane of the Meridian; but in order to de- 
{cribe a particular Phenomenon we now project it on the plane of the 
Ecliptic. Let HZOWN be the Earth and Sea, FED the Equator, T 
I the 
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the Tropic of Cancer, C the arctic Circle, P the north Pole, and the 
Curves 1, 2, 3, &c..24 Meridians, or hour Circles, interfecting each 
other in the Poles ;: 4GM is the Moon’s Orbit, S the Sun, M the when both 
Moon, Z the Water elevated under the Moon, and N the oppofite Tides wag 
equal Elevation. As the loweft parts of the Water are always go de- We once 
grees from the higheft, when the Moon is in either of the Tropics (as they arrive at 
at M) the Elevation Z is on the Tropic of Capricorn, and the oppofite inde LEE 
Elevation N on the Tropic of Cancer, the low-water Circle HCO aid ciety. 
touches the polar Circles at'C; and the high-water Circle ETP6 goes 
over the Poles at P, and divides every parallel of Latitude into two 
equal fegments. In this cafe the Tides upon every parallel are alter- 
nately higher and lower ; but they return in equal times: the point 7, 
for example, on the Tropic of Cancer (where the depth of the Tide 
is reprefented by the breadth of the dark fhade) has a thallower Tide 
of Flood at J than when it revolves half round from thence to 6, 
according to the order of the numeral Figures; but it revolves as 
{oon from 6 to J as it did from T to’'6. When the Moon is in the 
Equinottial, the Elevations Z and N are transferred to the Equator 
at O-and Hy, ‘and the high “and low-water Circles are got into each 
other’s former places ; in which cafe the Tides return in unequal times, 
but are equally high in both. parts of the lunar day : for a place at x 
(under D) revolving as formerly, goes fooner from 1 to 11 (under F’) 
than from 1r to 1, becaufe the parallel it defcribes is cut into unequal 
fegments by the high-water Circle HCO : but the points 1 and 11 be- 
ing equidiftant from the Pole of the Tides at C, which is directly under 
the Pole of the Moon’s Orbit MGA, the Elevations are equally high 
in both parts of the day. 

306. And thus it appears, that as the Tides are governed by the 
Moon, they muft turn on the Axis of the Moon’s Orbit, which is 
inclined 23+ degrees to the Earth’s Axis at a mean ftate: and there- 
fore the Poles of the Tides muft be fo many degrees from the Poles 
of the Earth, or in oppofite points of the polar Circles, going round 
thefe Circles in every lunar day. ”Tis true that according to F ig. IV. 
when the Moon is vertical to the Equator E CQ, the Poles of the 
Tides feem to fall in with the Poles of the World Nand §: but 
when we confider that F HG is under the Moon’s Orbit, it will ap- 
pear, that when the Moon is over H, in the Tropic of Capricorn, the 
north Pole of the Tides, (which can be no more than go degrees 
from under the Moon) muft be atc in the arétic Circle, not at N, 
the north Pole of the Earth; and as the Moon afcends from HT to 
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G in her Orbit, the north Pole of the Tides muft fhift from ¢ to @ 
in the arctic Circle; and the South Pole as much in the antarctic, 

It is not to be doubted, but that the Earth’s quick rotation brings 
the poles of the Tides nearer to the Poles of the World, than they 
would be if the Earth were at reft, and the Moon revolved about 
it only once a month; for otherwife the Tides would be more un- 
equal in their heights, and times of their returns, than we find the 
are. But how near the Earth’s rotation may bring the Poles of 
it’s Axis and thofe of the Tides together, or how far the preceding 
Tides may afteét thofe which follow, fo as to make them keep up near- 
ly to the fame heights, and times of ebbing and flowing, is a problem 
more fit to be folved by obfervation than by theory. 


307. Thofe who have opportunity to make obfervations, and choofe 
to fatisfy themfelves whether the Tides are really affected in the above 
manner by the different pofitions of the Moon ; efpeically as to the 
unequal times of their returns, may take this general rule for know- 
ing, when they ought to be fo affected. When the Earth’s Axis in- 
clines to the Moon, the northern Tides, if not tetarded in their paflage 
through Shoals and Channels, nor affected by the Winds, ought to be 
greateft when the Moon is above the Horizon, leaft when fhe is be- 
low it; and quite the reverfe when the Earth’s Axis declines from her : 
but in both cafes, at equal intervals of time. When the Earth’s Axis 
inclines fidewife to the Moon, both Tides are equally high, but they 
happen at unequal intervals of time. In every Lunation the Earth’s 
Axis inclines once to the Moon, once from her, and twice fidewife 
to her, as it does to the Sun every year; becaufe the Moon goes. 
round the Ecliptic every month, and the Sun but once in a year. In 
Summer, the Earth’s Axis inclines towards the Moon when New ; 
and ,therefore the day-tides in the north ought to be higheft, and 
night-tides loweft about the Change: at the Full the reverfe. At 
the Quarters they ought to be equally high, but unequal in their 
returns ; becaufe the Earth’s Axis then inclines fidewife to the Moon. 
In winter the Phenomena are the fame at Full-Moon as in Summer 
at New. In Autumn the Earth’s Axis inclines fidewife to the Moon 
when New and Full; therefore the ‘Tides ought to be equally high, 
and unequal in their returns at thefe times. At the firt Quarter the 
Tides of Flood fhould be Jeaft when the Moon is above the Horizon; 
greateft when the is below it; and the reverfe at her third Qu arter. 
In Spring, Phenomena of the firft Quarter anfwer to thofe of the third 
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Quarter in Autumn ; and wice verfa. ‘The nearer any time is to’ei- 
ther of thefe feafons, the more the Tides partake of the Phenomena 
of thefe feafons; and in the middle between any two of them the 
Tides are at a mean ftate between thofe of both. 

308.,In open Seas, the Tides rife but to very fmall heights in pro- Why the 
portion to what they do in wide-mouthed rivers, opening in the oe Tey 
Direction of the Stream of Tide. For, in Channels growing Nar- vers than in. 
rower gradually, the water is accumulated by the oppofition of the the Sea. 
contracting Bank. Like a gentle wind, little felt on an open plain, 
but ftrong and brifk in a ftreet ; efpecially if the wider end of the 
{treet be next the plain, and in the way of. the wind. 

309. The Tides are fo retarded in their paflage through different The Tides 
Shoals and Channels, and otherwife fo varioufly affected by ftriking ae a eg 
again{t Capes and Headlands, that to different. places they happen the Moon 
at all diftances of the Moon from the Meridian ; confequently at all a the pot 
hours of the lunar day. The Tide propagated by the Moon in the fei nahi) 
German Ocean, when fhe is three hours paft the Meridian, takes 12 and why, 
hours to come from thence to London bridge ; where it arrives by the 
time that a new Tide is raifed in the Ocean. And therefore when 
the Moon has north declination, and we thould expect the Tide at 
London to be greateft when: the Moon is above the Horizon, we find 
it is leaft; and the contrary when fhe has fouth declination: At fe- 
veral places ’tis high water three hours before the Moon comes to the 

eridian; but that Tide which the Moon pufhes as it were before 
her, is only the Tide oppofite to that which was raifed by her when 
fhe was nine hours paft the oppofite Meridian. 

310. There are no Tides in Lakes, becaufe they are generally £0 The Water 
{mall that when the Moon is vertical fhe attraéts every part of them sida, 
alike, and therefore by rendering all. the water equally light, no "~*** 
part of it can be raifed higher than another. The Mediterranean and 
Baltic Seas fuffer very fmall elevations, becaufe the Inlets by which 
they communicate with the Ocean are fo narrow, that they cannot, in 
fo fhort a time, receive or difcharge enough to raife or fink their fur- 
faces {enfibly. 


311. Air being lighter than Water, and the furface of the Atmo- The Moon 
{phere being nearer to the Moon than the furface of the Sea, it can- a Re 
not be doubted that the Moon -raifes much higher ‘Tides in the Air” “"° “™ 
than in the Sea. And therefore many have wondered why the Mer- 
cury does not fink in the Barometer when the Moon’s ation on the 
particles of Air makes them lighter as fhe paffes over the ade 

X 2 ut 
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But we muft confider, that as thefe particles are rendered lighter. a 
. P ° . § 2 
greater number of them is accumulated, until the deficiency of gra- 


is not affected vity be made up by the height of the column; and then there is an 


by the aereal 
id 


Tides. 


A fhadow, 
what. 


Eclipfes of 
the Sun and 
Moon, what. 


A proof that 


equilibrium, and confequently an equal preffure upon the Mercury as 
before ; fo that it cannot be affected by the aerial Tides. 


Coil es bey lie 


Of Echipfes: Their Number and Periods. A large Cata- 
logue of Ancient and Modern Eclipfes. 


312. 1 heather Planet and Satellite is illuminated by the Sun; 

and cafts a fhadow towards that point of the Heavens 
which is oppofite to the Sun. This fhadow is nothing but a privation 
of light in the fpace hid from the Sun by the opake body that inter- 
cepts his rays. 

313. When the Sun’s light is fo intercepted by the Moon, that 
to any place of the Earth the Sun appears partly or wholly covered, 
he is faid to undergo an Eclipfe ;. though properly {peaking, ’tis only 
an Eclipfe of that part of the: Earth. where the’ Moon’s fhadow or 
* Penumbra falls. When the Earth comes between the Sun and 
Moon, the Moon falls into the Earth’s thadow; and having no light 
of her own, fhe fuffers a real Eclipfe from the interception of the 
Sun’s rays. When the Sun is éclipfed to us, the Moon’s Inhabitants 
on the fide next the Earth (if any ftich there be) fee her fhadow like 
a dark {pot travelling over the Earth, about twice as faft as its equa- 
toreal parts move, and the fame. way as they move. When the Moon 
is in an Eclipfe, the Sun appears eclipfed to her, total to all thofe parts 
on which the Earth’s fhadow falls, and of as long continuance as they 
are in the fhadow. 


314. That the Earth is {pherical (for the hills take off no more 


the Earth and from the roundnefs of the Earth, than grains of duit do from the 


Moon are 
globular bo- 
dies, 


roundnefs of a common Globe) is evident from the figure of its 
fhadow on the Moon; which is always bounded by a circular line, 
although the Earth is inceffantly turning its different fides to the 
Moon, and very feldom fhews the fame fide to her in’ different 


* The Penumbra is a faint kind of fhadow all around the perfe& fhadow of the Pla- 
net or Satellite ; and will be more fully explained by and by. 


Eclipfes, 





































Plate -X. 





























































































































































































































































































































































































































































































































































































































































































































































































































pe Mynde Seulp . 


RSI UO ER DOORMAN ULB ee ces er 





Of LEclipfes. 


Eclipfes, becaufe they feldom happen at the fame hours. Were the 
Earth fhaped like a round flat plate, its fhadow would only be cir- 
cular when either of its fides directly] faced the Moon; and more 
or lefs elliptical as the Earth happened to be turned more or lefs ob- 
liquely towards the Moon when the is eclipfed. The Moon’s different 
Phafes prove her to be round § 254; for, as fhe keeps {till the 
fame fide towards the earth, if that fide were flat, as it appears to be, 
fhe would never be vifible from the third Quarter to the firft; and 
from the: firft Quarter to the third, fhe would appear as round as 
when we fay the is.Full: becaufe at the end of her firft Quarter the 
Sun’s light would come as fuddenly on all her fide next the Earth, 
as it does on a flat wall, and go off as abruptly at the end of her 
third Quarter. 

315. If the Earth and Sun were equally big, the Earth’s fhadow would And that the 

be infinitely extended, and all of the fame breadth; and the Planet ny ae 
Mars, in either of its nodes and oppofite to the Sun, would be eclipfed the Harth’ aka 
in the Earth’s fhadow. Were the Earth bigger than the Sun, it’s the Moon 
fhadow would increafe in breadth the farther it was extended, and much le(s, 
would eclipfe the great Planets Jupiter and Saturn, with all their 
Moons, when they were oppofite to the Sun, But as Mars in oppofi- 
tion never falls into the Earth’s fhadow, although he is not -then above 
42 millions of miles from the Earth, ’tis plain that the Earth is much 
lefs than the Sun ;. for otherwife it’s fhadow could not end in a point 
at fo {mall a diftance. If the Sun and Moon were equally big, the 
Moon’s fhadow would go on to the Earth with an equal breadth, and 
cover a portion of the Earth’s furface more than 2000 miles broad, 
even if it fell directly againft the Earth’s center, as feen from the 
Moon: and much more if it fell obliquely on the Earth: but the 
Moon’s fhadow is feldom 150 miles broad at the Earth, unlefs when 
it falls very obliquely on the Earth, in total Eclipfes of the Sun. In 
annular Eclipfes, the Moon’s real fhadow ends in a point at fome 
diftance from the Earth. The Moon’s {mall diftance from the Earth, 
and the fhortnefs of her fhadow, prove her to be lefs than the Sun. 
And, as the Earth’s fhadow is large enough to cover the Moon, if her 
diameter was three times as large as it is (which is evident from her 
long continuance in the fhadow when the goes through it’s center) ‘tis 
plain, that the Earth is much bigger than the Moon. 

3:6. Though all opake bodies on which the Sun fhines have their The primary 
fhadows, yet fuch is the bulk of the Sun, and the diftances of the acliptet tneta 
Planets, that the primary Planets can never eclipfe one another. A another, 


Primary can eclipfe only it’s fecondary, or be eclipfed by it; and ade 
2 ut 
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Of Eclipfes. 


PLATE X. but when in oppofition or conjunction with the Sun. “The primary 


Why there 
are fo few 


Eclipfes. 


The Moon’s 
Nodes. 


Limits of 
Eclipfes, 


Planets are very feldom in thefe pofitions, but the Sun and Moon are 
fo every month: whence one may imagine that thefe two Luminaries 
fhould be eclipfed every month. But there are few Eclipfes in re- 
{pect of the number of New and Full Moons; the reafon of which 
we fhall now explain. 

317. If the Moon’s Orbit were coincident with the Plane of the 
Ecliptic, in which the Earth always moves and the Sun appears to 
move, the Moon’s fhadow would fall upon the Earth at every Change, 
and eclipfe the Sun to fome parts of the Earth. In like manner the 
Moon would go through the middle of the Earth’s fhadow, and be 
eclipfed at every Full; but with this difference, that fhe would be to- 
tally darkened for above an hour and half; whereas the Sun never was 
above four minutes totally eclipfed by the interpofition of the Moon. 
But one half of the Moon’s Orbit, is elevated 5% degrees above the 
Ecliptic, and the other half as much deprefled below it: confequent- 
ly, the Moon’s Orbit interfeéts the Ecliptic in two oppofite ‘points call- 
ed the Moon’s Nodes, as has been already taken notice of § 288. When 
thefe points are in a right line with the center of the Sun at New 
or Full Moon, the Sun, Moon, and Earth are all in a right line; 
and if the Moon be then New, her fhadow falls upon the Earth; if 
Full the the Earth’s fhadow falls upon her. When the Sun and Moon 
are more than 17 degrees from either of tlie Nodes at the time of 
Conjunction, the Moon is then too high or too low in her Or- 
bit to caft any part of her fhadow upon the Earth. And when the 
Sun is more than 12 degrees from either of the Nodes at the time 
of Full Moon, the Moon is too high or too low in her Orbit to 
go through any part of the Earth’s fhadow: and in both thefe cafes 
there will be no Eclipfe. But when the Moon is lefs than 17 degrees 
from either Node at the time of Conjunétion, her fhadow or Penum- 
bra falls more or lefs upon the Earth, as fhe is more or lefs within this 
limit. And when fhe is lefs than 12 degrees from either Node at the 
time of oppofition, fhe goes through a greater or lefs portion of the 
Earth’s fhadow, as fhe is more or lefs within this limit. Her Orbit 
contains 360 degrees; of which 17, the limit of folar Eclipfes on ei- 
ther fide of the Nodes, and 12 the limit of dunar Fclipfes, are. but 
{mall portions: and as the Sun commonly pafles by the Nodes but 
twice in a year, it is no wonder that we have fo many New and Full 
Moons without Eclipfes. 

To illuftrate this, let ABCD be the Echptic, RSTU a Circle lying 
in the fame Plane with the Ecliptic, and VWXY the Moon's Orbit, 
all 







































Of Eclipfes ° 159 

all thrown into an oblique view, which gives them an elliptical {hape PLATE X. 
to the eye. One half of the Moon’s Orbit, as VWX, is always below 
the Ecliptic, and the other half XYV above it. The points V and X, 
where the Moon’s Orbit interfects the Circle RSTU, which lies even 
with the Ecliptic, are the Moon’s Nodes; and a right line as XEV 
drawn from one to the other, through the Earth’s center, is the Line of Line of the 
the Nodes, which is carried almoft parallel to itfelf round the Sun in a Nodes. 
year. 

If the Moon moved round the Earth in the Orbit RSTU, which is 
coincident with the Plane of the Ecliptic, her fhadow would fall upon 
the Earth every time fhe is in conjunétion with the Sun, and at every 
oppofition fhe would go through the Earth’s fhadow. Were this the 
cafe, the Sun would be eclipfed at every Change, and the Moon at 
every Full, as already mentioned. 

But although the Moon’s fhadow N muft fall upon the Earth at a, 
when the Earth is at Z, and the Moon in conjun@tion with the Sun at 2, 
becaufe fhe is then very near one of her Nodes; and at her oppofition # 
fhe muft go through the Earth’s fhadow J, becaufe fhe is then near the 
other Node; yet, in the time that fhe goes round the Earth to her 
next Change, according to the order of the letters XYVW, the Earth 
advances from E to e, according to the order of the letters EFGH, 
and the line of the Nodes VEX being carried nearly parallel to itfelf, 
brings the point f of the Moon’s Orbit in conjunction with the Sun at 
that next Change; and then the Moon being at f is too high above 
the Ecliptic to caft her fhadow on the Earth: and as the Earth is ftill 
moving forward, the Moon at her next oppofition will be at g, too 
far below the Ecliptic to go through any part of the Earth’s fhadow ; 
for by that time the point g’ will be at a confiderable diftance from the 
Earth as feen from the Sun. 

When the Earth comes to F, the Moon in conjunction with the 
Sun Z is not at &, in a Plane coincident with the Ecliptic, but above 
it at 2 in the higheft part of her Orbit: and then the point 4 of her 
fhadow O goes far above the Earth (as in Fig. II, which is an edge 
view of Fig. I.) The Moon at her next oppofition is not at o (Fig I) Fig. I and fr. 
but at W” where the Earth’s fhadow goes far above her, (as in Fig. II.) 
In both thefe cafes the line of the Nodes VFX (Fig. I.) 1s about go 
degrees from the Sun, and both Luminaries as far as poflible from 
the limits of Eclipfes. 

When the Earth has gone half round the Ecliptic from E toG, the 
line of the Nodes VG.X is nearly, if not exactly, directed towards the 


Sun at Z; and then the New Moon / cafts her fhadow P “3 the 
art 
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PLATE xX, Earth G; and the Full Moon # goes through the Earth’s thadow L; 
; which brings on Eclipfes again, as when the Earth was at E. 

When the Earth comes to H the New Moon falls not at m in a 
plane coincident with the Ecliptic CD, but at W in her Orbit below 
it: and then her fhadow Q (fee Fig. II) goes far below the Earth. 
At the next Full the is not at g (Fig. 1) but at 7” in her Orbit 54 de- 
grees above g, and at her greateift height above the Ecliptic CD; being 
then as far as poffible, at any oppofition, from the Earth’s fhadow J4 
(as in Fig. II.) . 

So, when the Earth is at E and G, the Moon is about her Nodes at 
New and Full; and in her greateft North and South Declination, (or 
Latitude as it is. generally called) from the Ecliptic at her Quarters : 
but when the Earth is at F or H, the Moon is in her greateft North 
and South Declination from the Ecliptic at New and Full, and in the 
Nodes about her Quarters. 

The Moon’s 318. The point X where the Moon's Orbit croffes the Ecliptic is 

ewe and called the Afcending Node, becaufe the Moon afcends from it above 

Node. 5 the Ecliptic: and the oppofite point of interfection V is called the De- 

feending Node, becaufe the Moon defcends from it below the Ecliptic. 

Her North When the Moon is at 2 in the higheft point of her Orbit, fhe is in 

and South ~ her greateft North Latitude ; and when fhe is at W in the loweft point 
Lacmde. s asihet Orbit, fhe is in her greateft South Latitude. 

The Nodes 319. If the line of the Nodes, like the Earth’s Axis, was carried 

have aretvio- parallel to itfelf round the Sun, there would be juft half a year be- 

Bre mon™ tween the conjunctions of the Sun and Nodes. But the Nodes fhift 

backward, or contrary to the Earth’s annual motion, 19} degrees every 

year; and therefore the fame Node comes round to theSun 19 days fooner 

Fig, I. every year than on the year before. Confequently, from the time that 

the afcending Node X (when the Earth is at E) pafies by the Sun as 

feen from the Earth, it is only 173 days (not half a year) till the de- 

{cending Node V pafies by him. ‘Therefore, in whatever time of the 

Which brings year we have Eclipfes of the Luminaries about either Node, we may 

ae Se be fure that in 173 days afterward we fhall have Eclipfes about the 

year than Y other Node. And when at any time of the year the line of the Nodes is in 

rts cu be the fituation VG.X, at the fame time next year it will be in the fituation 

had tine a rGs; the afcending Node having gone backward, that is, contrary to 

amotion. the order of Signs from X tos, and the defcending Node from V tor; 

each 19% degrees. At this rate the Nodes fhift through all the Signs 

and degrees of the Ecliptic in 18 years and 225 days; in which time 

there would always be a regular period of Eclipfes, if any compleat 

number of Lunations were finifhed without a fra€tion. But this never 


happens ; 














































Of Eclip/es: 


happens, for if the Sun and Moon fhould ftart from a conjunétion with 
either of the Nodes in any point of the Ecliptic, whilft the fame Node 
is going round to that point again the Earth performs 18 annual revo- 
lutions about the Sun and 222 Degrees (or 7 Signs 12 Degrees) over ; 
and the Moon 230 Lunations or Courfes from Change to Change and 
85 Decrees (or 2 Signs 25 Degrees) over; fo that the Sun will be 
138 Degrees from the fame Node when it comes round, and the Moon 
85 Degrees from the Sun. Hence, the period of Eclipfes and revolu- 
lution of the Nodes are completed in different times. 

320. In 18 years 10 days 7 hours 43 minutes after the Sun Moon 
and Nodes have been in a line of conjunction, they come very 
near to a conjunétion again: only, if the conjunction from which you 
reckon falls in a leap-year, the return of the conjunction will be one 
day later. Therefore, if to the * mean time of any Eclipfe of the 
Sun or Moon in leap-year, you add 18 years 11 days 7 hours 43 
minutes; or in a common year a day lefs, you will have the mean 
time of that Eclipfe returned again for fome ages ; though not always 
vifible, becaufe the 7 hours 43 minutes may fhift a folar Eclipfe into 
the night, and a lunar Eclipfe into the day. In this period there are 
jult 223 Lunations, and the Sun is again within half a degree of the 
fame Node, but fhort of it. Therefore, although this period will ferve 
tolerably well for fome ages to examine Eclipfes by, it cannot hold 
long; becaufe half a degree from the Node fets the Moon 27 minutes 
of a degree from the Ecliptic. And as the Moon’s mean diftance from 
the Earth is equal to 60 Semidiameters of the Earth, every minute of 
a degree at that diftance is equal to 60 geographical miles, or one 
degree on the Earth ; confequently 2+ minutes of declination from the 
Ecliptic in the Moon’s Orbit, is equal to 150 fuch miles, or 24 degrees 
on the Earth. Confequently, if the Moon be paffing by her afcend- 
ing Node at the end of this period, her fhadow will go 150 miles 
more fouthward on the Earth than it did at the beginning thereof. If 
the Moon be paffing by her defcending Node, her fhadow will go 150 
miles more northward: and in either cafe, in 500 years the fhadow 
will have too great a Latitude to touch the Earth. So that any Eclipfe 
of the Sun, which begins (for example) to touch the Earth at the 
fouth Pole (and that muft be when the Moon is 17 degrees paft her 
defcending Node) will advance gradually northward in every return 
for about a thoufand years, and then go off at the north Pole; and 
cannot take fuch another courfe again in lefs than 1 1,683 years. 

* Which is the time that the Eclipfe would be at the greateft obfcuration, if the mo» 
tions of the Sun and Moon were equable, or the fame in al] parts of their ae Bir 
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Of Eclipfes. 


This falling back of the Sun and Moon in every period, with re- 


, fpect to the Nodes, will occafion thofe Eclipfes which happen about 
the afcending Node to go more foutherly in each return; and thofe 
which happen about the defcending Node to go more northerly: for 
the farther the Moon is fhort of the afcending Node, within the Jimits 
of Eclipfes, the farther fhe is fouth of the Ecliptic; and on the con- 
trary, the more fhe is fhort of the defcending Node, the farther fhe is 
northward of the Ecliptic. 


321. * To illuftrate this a little farther, we fhall examine fome of 
the moft remarkable circumftances of the returns of the Eclipfe 
which happened Fuly 14, 1748, about noon: This Eclipfe, after 
traverfing the voids ot {pace from the Creation, at laft began to enter 
the ‘Terra Auftralis Incognita, about 88 years after the Conqueft, 
which was the laft of King STrepHen’s reign; every * Chaldean 
period it has crept mere northerly, but was {till invifible in Britain 
before the year 1622; when onthe 30th of 4prz/ it began to touch 


* the fouth parts of Exg/and about 2 in the afternoon; its central ap- 


pearance rifing in the American South Seas, and traverfing Peru and 
the 4mazon’s country, through the ¢/antic ocean into Africa, and 
fetting in the Ethiopian continent, not far from the beginning of 
the Red Sea. 

«< Its next vifible period was after three Chaldean revolutions in 1676, 
on the firft of ‘fune, rifing central in the A¢/antze ocean, paffing us 
about g in the morning, with four + Digits eclipfed on the under 
limb; and fetting in the gulf of Cochinchina in the Ea/t-Indies. 

“ It being now near the Sol{ftice, this Eclipfe was vifible the. very 
next return in 1694, in the evening; and’ in two periods more, 
which was in 1730, on the 4th of ‘fuly, was feen above half eclipfed 
juft after Sun-rife, and obferved both at Wirtemberg in Germany, and 
Pekin in China, foon after which it went off. 

‘* Eighteen years more afforded us the Eclipfe which fell on the 14th 
of Fuly 1748. 

“« The next vifible return will happen on Yuly 25, 1766, in the 
evening, about four Digits eclipfed; and after two periods more, on. 
ugufi 16th, 1802. early in the morning, about five Digits, the 
center coming from the north frozen continent, by the capes of Nor- 
way, through Yartary, China, andYapan, to the Ladrone iflands, 
where it goes off. 


* The above period of 18 years 11 days 7 hours 43 minutes, which was found out 


by the Chaldeans, and by them called Saros. 


+ A Digit is a twelfth part of the diameter of the Sun or Moon. 


“¢ Again, 

















































































Of Eclipfes. 


“ Again, in 1820, Auguft 26, betwixt one and two, there will be 
another great Eclipfe at London, about 10 Digits ; but happening fo f 
near the Equinox, the center will leave every part of Britain to the 
Weft, and enter Germany at Embden, pafling by Venice, Naples, 
Grand Cazro, and fet in the gulf of Baffora near that city. 
‘« It will be no more vifible till 1874, when five Digits will be 
obfcured, the center being now about to leave the Earth on Sep- 
tember 28. In i892 the Sun will go down eclipfed at London, 
*‘ and again in 1928 the paflage of the center will be in the expanfum, 
‘* though there will be two Digits eclipfed at London, Oéfober the 3 rft 
‘* of that year; and about the year 2090 the whole Penumbra will 
‘* be wore off; whence no more returns of this Eclipfe can happen 
** till after a revolution of 10 thoufand years. 

‘“* From thefe remarks on the intire revolution of this Eclipfe, we 
“« may gather, that a thoufand years, more or lefs (for there are 
‘* fome irregularities that may protract or lengthen this period 100 
“* years) complete the whole terreftrial Phenomena of any fingle 
*< Eclipfe: and fince 20 periods of 54 years each, and about 33 days, 
‘<‘ comprehend the intire extent of their revolution, ‘tis evident that 
*< the times of the returns will pafs through a circuit of one year and 
“ ten months, every Chaldean period being ten or eleven days later, 
‘‘ and of the equable appearances about 32 or 33 days. Thus, 
“‘ though this Eclipfe happens about the middle of Fuly, no other 
“« fubfequent Eclipfe of this period will return to the middle of the 
‘ fame month again; but wear conftantly each period 10 or IL 
“days forward, and at laft appear in Winter, but then it begins to 
<<’ ceafe from affecting us. 

«© Another conclufion from this revolution may be drawn, that there 
‘«¢ will feldom be any more than two great Eclipfes of the Sun in the 
‘© interval of this period, and thefe follow fometimes next return, and 
« often at greater diftances. That of 1715 returned again in 1733 
‘«« very great; but this prefent Eclipfe will not be great till the arrival 
of 1820, which is a revolution of four Chaldean periods: fo that the 
‘* irregularities of their circuits muft undergo new computations to 
“ affign them exactly. 

«© Nor do all Eclipfes come in at the fouth Pole: that depends alto- 

gether on the pofition of the lunar Nodes, which will bring in as 
‘“‘ many from the expanfum one way as the other ; and fuch Eclipfes 
«© will wear more foutherly by degrees, contrary to what happens in 
the prefent cafe. 
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Of Eclipfes. 


«© The Eclipfe, for example, of 1736, in September, had its center 
‘ “ in the expanfum, and fet about the middle of its obfcurity in Brztazn ; 
<¢ jf will wear in at the north Pole, and in the year 2600, or there- 
abouts, go off into the expan/um on the fouth fide of the Earth. 
«© The Eclipfes therefore which happened about the Creation are 
little more than half way yet of their etherial circuit; and will 
be 4000 years before they enter the Earth any more. This grand 
“© reyolution feems to have been entirely unknown to the antients. 
Whyourpree “© 322. It is particularly to be noted, that Eclipfes which have hap- 
fent Tables oe pened many centuries ago, will not be found by our prefent Tables 
BP iL “to agree exactly with antient obfervations, by reafon of the great 
vations. “© Anomalies in the lunar motions; which appears an inconteftable 
« demonftration of the non-eternity of the Univerfe. For it feems 
confirmed by undeniable proofs, that the Moon now finifhes her 
period in lefs time than formerly, and will continue by the centri- 
petal law to approach nearer and nearer the Earth, and to go fooner 
<< and fooner round it: nor will the centrifugal power be fufficient to 
“© compenfate the different gravitations of fuch an aflemblage of bodies 
« as conftitute the folar fyftem, which would come to ruin of itfelf, 
‘ without fome new regulation and adjuftment of their original mo- 
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Taates’s ‘323. Weare credibly informed from the teftimony of the an- 
Eclipfe. « tients, that there was a total Eclipfe of the Sun predicted by 


* There are two antient Eclipfes of the Moon, recorded by Ptolemy from Hipparchus, 
which afford an undeniable proof of the Moon’s acceleration.. The firft of thefe was 
obferved at Babylon, December the 22d, in the year before CuristT 383: when the 
Moon began to be eclipfed about half an hour before the Sun rofe, and the Eclipfe 
was not over before the Moon fet: but by our beft Aftronomical Tables, the Moon 
was fet at Babylon half an hour before the Eclipfe began; in which cafe, tlere could 
have been no poflibility of obferving it. The fecond Eclipfe was obferved at Alex 
andria, Septemher the 22d, the year before CHRistT 201; where the Moon rofe fo 
much eclipfed, that the Eclipfe muft have begun about half an hour before fhe rofe : 
whereas by our Tables the beginning of this Eclipfe was not till about 10 minutes 
after the Moon rofe at Alexandria. ad thefe Eclipfes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as the-antients had no 
certain way of meafuring time, they might have been fo far miftaken in the hours, 
that we could not have laid any ftrefs on the accounts given by them. But, as in 
the firft Eclipfe the Moon was fet, and confequently the Sun rifen, before it was over ; 
and in the fecond Eclipfe the Sun was fet, and the Moon not rifen, till fome time after 
it began; thefe are fuch circumftances as the obfervers could not poffibly be miftaken in. 
Mr. Struyé in the following Catalogue, notwithftanding the exprefs words of Ptolemy, 
puts down thefe two Eclipfes as obferved at Athens ; where they might have been feen 
without any acceleration of the Moon’s motion: Athens being 2@ degrees Weft of 
Babylon, and 7 degrees Weft of Alexandria. 
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THALES to happen in the fourthayear of the 48th * Olympiad, either 

at Sardis or Miletus in Afia, where THAvEs then refided. ‘That 

year correfponds to the 585th year before CHRIST ; when accordingly 

there happened a very fignal Eclipfe of the Sun, on the 28th of May, 
anfwering to the prefent 10th of that month +, central through 

North America, the fouth parts of France, Italy, &c. as far as Athens, 

“© or the Ifles in the Agean Sea; which is the fartheft that even the 

Caroline Tables carry it; and confequently make it invifible to any 

part of Afia, in the total character ; though I have good reafons to 

“¢ believe that it extended to Babylon, and went down central over that 

city. We are not however to imagine, that it was fet before it paft 

Sardis and the Afiatic towns, where the predictor lived ; becaufe an 

« invifible Eclipfe could have been of no fervice to demonftrate his 

ability in Aftronomical Sciences to his countrymen, as it could give 

no proof of its reality. 

“904. Fora farther illuftration, THucyDIDEs relates, that a folar Taveynr- 
Eclipfe happened ona Summer’s day in the afternoon, in the firft bes’s Eclipfe. 
year of the Peloponnefian war, fo great that the Stars appeared. 

« Ryoprus was victor in the Olympic games the fourth year. of the 

faid war, being alfo the fourth of the 87th Olympiad, on the 428th 
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* Each Olympiad began at the time of Full.Moon next after the Summer Solftice, 
and lafted four years, which were of unequal lengths becaufe the time of Full Moon dif- 
fers 11 days every year: fo that they might fometimes begin on the next day after the 
Solftice, and at other times not till four weeks after it. The firft Olympiad began in 
the year of the Julian Period 3938, which was 776 years before the firft year of CHRIST, 
or 775 before the year of his birth; and the laft Olympiad, which was the 293d, began 
A. D. 393. At the expiration of each Olympiad, the Olympic Games were celebrated in 
the Elan fields, near the river Alpheus in the Pelopsnnefus (now Morea) in honour of 
Jurrrer Orympvys. See Srraucuius’s Breviarium Chronologium, p. 247—251. 

+ The reader may probably find it dificult to underftand why Mr. Smiru fhould 
reckon this Eclipfe to have been in the 4th year of the 48th Olympiad; as it was only 
in the end of the third year: and alfo why the 28th of May, in the 585th year before 
‘Curist fhould anfwer to the prefent 10th of that month. But we hope the following 
explanation will remove thefe difficulties. 

The month of May (when the Sun was eclipfed) in the 585th year before the firft 

ear of CHRIST, which was a leap-year, fell in the latter end of the third year of the 
48th Olympiad ; and the fourth year of that Olympiad began at the Summer Solftice fol- 
lowing: but perhaps Mr. SmiTH begins the years of the Olympiad from January, in 
order to make them correfpond more readily with ‘fulian years 5 and fo reckons the 
month of May, when the Eclipfe happened, to be in the fourth year of that Olympiad. 

The Place or Longitude of the Sun at that time was’ 29° 43° 17”, to which fame 
place the Sun returned (after 2300 years, viz.) A.D. 1716, on May, 9%. 5°. 6™. after 
noon: fo that, with refpect to. the Sun’s place, the gth of May, 1716 anfwers to the 
28th of May in the 585th year before the firft year of CHRIST 5 that is, the Sun had the 


fame Longitude on both thofe days. 
‘¢ year 
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«« year before Curist. So that ythe Eclipfe muit have happened in 
© the 431 year before CurisT ;¢and by computation it appears, that 
« ofpthe 3d of duguf there was.a fignal Eclipfe which would have paft 
«« over Athens, central about 6 in the evening, but which our prefent 
«< Tables bring no farther than the antient Syrtes on the 4/rican coatt, 


“ above 400 miles from. Athens; which fuffering in that cafe but 9 


«« Digits, could by no means exhibit the remarkable darknefs recited by 
<< this hiftorian;, the center therefore feems to have paft Athens about 
‘“< 6 in the evening, and probably might go down about Serufalem, or 
‘* near it, contrary to the conftruction of the prefent Tables. I have 
‘* only obviated thefe things by way of caution to the prefent Aftrono- 
«* mers, in re-computing antient Eclipfes; and refer them to examine 
“‘ the Eclipfe of Nécias, fo fatal to the Arhenian fleet*; that which 
overthrew the Macedonian Army} &c.” So far Mr. SMiTHu. 

325. In any year, the number of Eclipfes of both Luminaries cannot 
be lefs than two, nor more than feven; the moft ufual number is four, 
and it is very rare to have more than fix. For the Sun pafles by both 
the Nodes but once a year, unlefs he pafles by one of them in the 
beginning of the year; and if he does, he will pafs. by the fame Node 
again.a little before the year be finifhed ; becaufe, as thefe points move 
19 degrees backward every year, the Sun will come to either of them 
173 days after the other § 319. And when either Node is within 17 
degrees of the Sun at the time of New Moon, the Sun will be eclipfed. 
At the fubfequent oppofition the Moon will be eclipfed in the other 
Node; and come round to the next conjundtion again ere the former 
Node be 17 degrees paft the Sun, and will therefore eclipfe him again. 
When three Eclipfes fall about either Node, the like number generally 
falls about the oppofite; as the Sun comes to it in 173 days afterward: 
and fix Lunations contain but four days more. Thus, there may be 
two Eclipfes of the Sun and one of the Moon about each of her 
Nodés. ‘But when ithe Moon changes in either of the Nodes, fhe 
cannot be near enough the other Node at the next Full to be eclipfed. 
and in fix lunar months afterward fhe will change near the other Node: 
in thefe cafes there can be but two Eclipfes in a year, and they are 
both of the Sun. 

326. A longer, and confequently more exact period than the above- 
mentioned. § 320, for comparing and examining Eclipfes which happen 
at long intervals of time, is 57 ‘Julian years 324 days 21 hours 41 
minutes and 35 feconds; in which time there are juft 716 mean Lu- 


aw 
n 


* Before CHRIST 413, Auguft 27. + Before Curist 168, Sune 20. 
nations, 
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nations, and the Sun is again within 5 minutes of the fame Node as 

before. , But a ftill better period is 557 years 21 days 18 hours 30 
minutes 12 feconds; in which time there are 6890 mean Lunations; 
and the Sun and Node meet again fo nearly as to be but 14 feconds 
diftant. 

327. We fhall fubjoin a catalogue of Eclipfes recorded in hiftory, 
from 721 years before Curist to 4.D. 1485; of computed Eclipfes 
from 1485 to 17005 andof all the Eclipfes vifible in Europe from 1700 
to 1800. From the beginning, of the catalogue to 4D. 1485 the Anaccount of 
Eclipfes are taken from Srruyx’s Introduétion to univerfal Geography, Silene bee 
as that indefatigable author has, with much labour, Collected them Eclipfes. 
from Ptolemy, Thucydides,. Plutarch, Calvifius, Xenophon, Diodorus 
Siculus, “fuftin, Polybius, Titus Livius, Cicero, Lucanus, Theophanes, 

Dion. Caffus, and many others. .From.1485 to 1700 the Eclipfes are 
taken from Rieciolus’s A/mageft + and from 1700 to 1800 from L’art de 
verifier les Dates*. "Thofe from Struyk have all the places mentioned 
where they were obferved: Thofe from the French authors, viz. the 
religious Benediétines of the Congregation of St. Maur, are fitted to the 
Meridian of Paris: And concerning thofe from Ricciolus, that author 
gives the following account.) e. 7 | ; Ff of Vv 

‘« Becaufe it is of great ufe, for. frxing the Cycles .or Revolutions. of 
Eclipfes, to have at hand, without the trouble of calculation, a lift of 
fuceeffive Eclipfes for many years, computed by authors of Ephemerifles, 
although from Tables not perfect in all refpetts, I.thall for the benefit of 
Aftronomers give a fummary colleGion of fuch: “The authors] extraét 
from are, an anonymous one who’ ‘publifhed’ Ephemerides from 1484 
to 1506 inclufive; Facobus. Ptlaumen and Yo. Steferinus,. to the Meri- 
dian of Ulm, from 1507 to 1534: Lucas Gauricus, to the Latitude of 
45 degrees, from 1534 to 1551: Peter Appian, to the Meridian of 
Leyfing, from 1538 to 1578: ‘fo, Steflerus, to the Meridian of Tubing, 
from 1543 to 1554: Petrus Pitatus, to the Meridian of Venice from 
1544 to 1556: Georgius-‘foachimus Rheticus, for the year 1551: Ni- 
cholaus Simus, to the Meridian of Bologna, from 1552 to 1568: Mi- 
chael Meftlin, to the Meridian of Tubing, from 1557 to 1590: ‘Fo. 
Stadius, to the Meridian of Antwerp, from 1554 to 1574: ‘fo. Anto- 
ninus Maginus, to the Meridian of Venice, from 1581 to 1630: David 
Origan, to the Meridian of Franckfort on the Oder, from 1595 to 1664: 
Andrew Argol, to the Meridian of Rome, from 1630 to 1700: Fran- 
cifcus Montebrunus, to the Meridian of Bologna, from 1461 to 1660: 


* SrRUYK’s Eclipfes are to the Old Style, all the reft to the New. 
2 Among 








Of Eclipfes. 


Among which, Stadzus, Mefilin, and Maginus, ufed the Prutenic 
Tables; Origan the Prutenic.and Tychonic ; Montebrunus the Lanfber- 


jan, as likewife thofe of Duret. Almoft all the reft the /phonfine. 
But, that the places may readily be known for which thefe Eclipfes 
were computed, and from what Tables, confult the following lift, in 
which the years inclyfive are alfo fet fet down. 


From 1485 to 1506 The place and author unknown. 
1507. 1553 Ulm in Suabia, from the A/phonfine. 
1554. 1576 Antwerp, from the Prutenzc. 
1577 1585 Tubing, from the Prutenic. 
1586 1594 Venice, from the Prutentc. 
1595 1600 Franckfort on Oder, from the Prutenic. 
1601 1640 Franckfort on Oder, from the Tychonic. 
1641 1660 Bohgna, from the Lan/fbergian. 
1661 1700 Rome, from the Tychonic.” 


So far RICCcIoLus. 


N.B. The Eclipfes marked with an Afterifk are not in RrccioLus’s 
catalogue ; but are fupplied from Lart de verifier les Dates. | 


From the beginning of the catalogue to A. D. 700, the time is 
reckoned from the noon of the day mentioned to the noon of the fol- 
lowing day: but from 1700 to 1800 the time is fet down according to 
our common way of reckoning. ‘Thofe marked Pekin and Canton are 
Eclipfes from the Chinefe chronology according to STRUYK; and 
throughout the Table this mark # fignifies Suz, and this @ Moon. 
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721} Babylon @|Mar.1g{/10 34} Total 1 |Pekin te{Junero| § r0jlr 43 
720 | Babylon @|Mar. 8}/11 56) 1 5 5 |Rome #|Mar.28] 4 13) 4 45 
720|Babylon @|Sept. 1]10 18] 5 4 14.}Panonia @ |Sept.26/17 15} Total 
621 | Babylon @ |Apr.21|18 22] 2 36 27 | Canton %4 |July 22] 8 56} Total 
523 | Babylon @|July 16/12 47} 7 24 30 | Canton #% |Nov.13/19 20]10 30 
502| Babylon G|Nov.1g}/12 21] 1 52 40}Pekin se |Apr.30} 5 501-7 “34 
491 | Babylon @{Apr.25/12 12] 1 44 45 | Rome Crijoly 3r)22 Ti BY s7 
431 | Athens w%|Aug. 3] 6 35]11 off 46}Pekin tel July 21;22 25] 2 10 
425 | Athens @/O&. 9] 6 45] Total 46|Rome @ |Dec. 31} 9 32) Tota 
424, Athens %%|Mar.z0|/20 171 9 - © 49 | Pekin t|May zof 7 16,10 8 
413] Athens @|Aug.27/10 15] Total 53} Canton ts|Mar. 8/20 42}11 6 
406] Athens @|Apr.15| 8 50] Total 55 | Pekin %% [July 12/21 50] 6 4o 
404} Athens t%|Sept. 2]21 121 8 40 56| Canton #%1Dec. 25] 0 28] 9 .20 
403 | Pekin | Aug z8} 5 5§3|10 4o 59| Rome %%|Apr.30| 3 -8}10 38 
394 | Gnide te |Aug.13]}22 17/11 o 60| Canton #%/O&. 13) 3 31]10 30 
383 | Athens @ |Dec.22}/t9.°6| 2 1 65 | Canton #%|Dec.15|21 50}10 23 
382 | Athens @|June18} 8 54] 6 r5)| 69|Rome @ /O&. 18) 10 43}10 49 
382 | Athens @ |Dec.1z2}10 21} Total 70) Canton #% |Sept.22|21 13] 8 25 
364.| Thebes | July 12/23. gr) 6 10 71|Rome @ |Mar. 4} 8 32] 6 o 
357 | Syracufe #%| Feb. 28|22 —1] 3. 33 95 | Ephefus tt | May 21 Vo 
357| Zant @|Aug.29] 7. 29] 4 21]| 125] Alexandria @\April 5} 9 16) 1 44 
340 | Zant | |Sept.r4]/18 —| 9 off 133}Alexandria @|May 6|11° 44] Total 
331] Arbela @ |Sept.zo/10 — g| Total 134| Alexandria @|O&. 20/11 gs]10 19 
310] Sicily Iland w)Aug.14|/20 5]10 22}| 136 Alexandria @|Mar. 5115 56] 5 17 
219 |Myfia @|Mar.ig/14 5} Total 237} Bologna it | Apr. 12 Total 
218 | Pergamos @ |Sept. 1] rifing | Total |] 238|Rome #3 |April 1{20 20] 8 45 
217 | Sardinia #%|Feb. 11] 1 571 9  6]{ 290]Carthage %|May 15| 3  20j;11 20 
203 | Frufini ws|May 6] 2 52] 5 40}| 304|Rome @ |Aug.31| 9 36] Total 
202 | Cumis OG. 18|/22 24] 1 off 316] Conftantinople | %|Dec. 30/19 53] 2 18 
zo1 | Athens @ |Sept 221 7 14] 8 58]] 334| Toledo #% | July 17] at noon} Central 
200 | Athens @ |Mar.19}13 9} Total 3481 Conftantinople | #%#|O&. 8}19 24 =" a 
200 | Athens @ |Sept.11]14 48] Total 360] Ifpahan t|Aug.27/18 o| Central 
198 | Rome #e|Aug. 6 364| Alexandria @ |Nov.z5}15 24] Total 
1g0|}Rome |Mar.13]18 — {11 of}! 401]Rome @ |June rr Total 
188 |Rome is |July 16/20 38}10 48]| 401|Rome @ |Dec. 6}12 15} Total 
174 | Athens @ |Apr.30]14 33} 7  1|{ 402|Rome @{June 1] 8 43}]10 2 
168 | Macedonia @|Junezr1} 8 2] Total 402| Rome #%|Nov.10]/20 33/10 30 
141 | Rhodes @ |Jan. 27/10 81 3 26|] 447|Compoftello |x%|Dec.23] 0 46) 1 — 
104| Rome x [July 18]22  oft1 52{| 451}Compoftello @ |April 1]16 34/19 52 
63 | Rome @ | Oct. 27] 6 22] Total || 451|Compoftello | @ |Sept.26] 6 30] Oo 2 
60 | Gibralter 3 |Mar. 16| fetting |Central}] 458] Chaves t% | May 27/23 16118 53 
54| Canton v%|May 9) 3. 41| Toral 462{ Compottello @ (Mar. 1/13 © 2{1r 11 
51 | Rome vs|Mar. 7] 2 121 9 off}. 464] Chaves {July 19g]/19 10 15 
48|Rome @ |Jan. 18}10 of Total 484|Conftantinople |%%|Jan. 13]19 ‘§3| 9 9 
45|Rome @ |Nov. 6/14 —| Total 486 Conftantinople |#|May 19] 1 19} 5 15 
36 | Rome |May 19] 3 52] 6 47]{| 497] Conftantinople | #%|Apr. 18 6 PT Ease 
31 |Rome 35 | Aug.20] fetting |Gr.Ecl.]| 512] Conftantinople | x% June 28} 23 I 50 
29 | Canton my|Jan. cs} 4 2411 ~ of] 538}England t%lFeb.14]/19 —| 8 23 
28 | Pekin | June 18}23 48} Total 540] London z$|Junerg}/z0 15) 8 — 
26 | Canton wy [OR. 23}. 4 16/11 15]| 577} Tours @ |Dec. 10/17 28] 6 46 
24| Pekin vs{April 7] 4 11] 2 off 581] Paris @ |April 4/13. 33] & 42 
16 | Pekin rs{Nov. 1] 5 131 2. 8|| 582] Paris @ |Sept.17}12 41] Total 
2} Canton wy |Feb. 1120 8411 421) 590] Paris @ Ot 18 6 “401 g “25 






SST Street Ppae tei toagaiacaten $7saSd SG LSE SEebeaesesed tasted STRESS ATS BREA ED EBERT AEE Base ET HE 





STRUYK’S Catalogue of ECLIPSES. 





Aft. | Eclipfes of the Sun 
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592 | Conftantinople ‘Maar. 18|22 10 Of} gor fArraéta 15 7} Total 





733 | England 18 3811 22 


15 7| Total 
52 
54 


22 


(lig 13,20 —Jjilr- 1 97° Conftantinople 
734| England | Jan. 23} 14 
752|England : July 30113 
75% England oe 


Total 976|London 


ts | 6 J 
603 | Paris | Aug.1z] 3. 3/11 20]] 9044London & 1¥ 471-Total 
622|Conitantinople | @j|Febr. 1}11 28} Total |} 904.) London @ 9 of} Total 
644 | Paris t%|Nov. 5} 0 30] g 531] 912} London 8 15 12| Total 
680 | Paris @ |June 17/12 30] Total |} 926] Paris @ 15 17} Total 
683 | Paris @ |Aprili6}11 30} Total 934 | Paris oy 4 3o0lt1 .36 
693 |Conftantinople | |O&. 4123 54/11 541} 939] Paris 48 19 45}10 
716 | Conftantinople @ | Jan. 13} 7 —{ Total |] o55|Paris @ 11 18} Total 
718 | Conftantinople | #%| June 3] 1 15] Total || 961|Rhemes x |] 20 1319 18 
z: <2 
e 


n¢ 
nt 


~—} Total || 985 |Meffina 
June 8{22 —J10 35]} 989}Conftantinople 





Total 990 Fulda 


760] England Aug. 15] 4 








Le 
753 {England Jan. 23] 13 & 
¢ i 8 15]] 990|Fulda @ 4 
760| London @ |Aug.30} 5 Solio 40}| 990}Conftantinople | #% 45 
764,| England %%|June 4}at noon] 7 15]| 995 }|Augfburgh @ 27 
770| London @ |Feb. 14] 7 12] Total || 1009] Ferrara © 38 
774| Rome @ |Nov.2z}14. 37}11 58}| 1010] Meffina 2% 41 
784.| London @|Nov. 1/14 2] Total |} 1016|Nimeguen S 39 
787 | Conitantinople | z%|Sept.14]20 43] 9 47]}|1017|Nimeguen oF 8 
796| Conftantinople | @ |Mar 27/16 22{ Total || 1020 Cologne S |‘ 38 
800] Rome @ Jan. 15| 9 of1o 17]}}1023 {London Oy; 20 
807|Angoulefme | %%|Feb. 10/21 24] 9 42]|1030|Rome @ 43 
807 | Paris @ |Feb. 25]13 43} Total || 1031] Paris @ sI 
807 | Paris @ |Aug.2z1]10 20] Total || 1033 | Paris ® Ii 
809 | Paris | July 15}21 33] 8 8}]1034]Milan 1e@ 8 
80g | Paris @ | Dec. 25] 8 —| Total |/1037/| Paris 2% 45 
810| Paris @ |June 20} 8 —J| Total || 1039| Auxerre 2% 40 
810] Paris #%|Nov.30] o 12] Total || 1042|Rome @ || 39 
810 | Paris @ |Dec. 14] 8 —J] Totat || 1044] Auxerre @ 12 
812 |Conftantinople | #%|May 14) 2 13] 9 —||1044]Cluny ey; 12 
813 | Cappadocia ti |May 3]17  5}10 35]}1056|Nurembure @|A 9 
817 | Paris @|Feb. 5} 5 42] Total ||1063/Rome @ |! 16 
818 | Paris v4 |July 6/18 —] 6 55]|1074|Augtburgh 7) 13 
820 | Paris @ |Nov.23] 6 26| Total || 1080|Conftantinople | @ 
| 824| Paris @ |Mar.18} 7 55 | Total || 1082) London ® 
828] Paris @ | June 30/15 —J| Total || 1086|Conftantinople | 3% 
828 | Paris @ |Dec.24}13 45] Total || 1089] Naples Cs) 
831 | Paris @ |Aprilgo} 6 19|11 8} 1093 Augfburgh it 
831 |.Paris se |May 15|23 —| 4° 24]| 1096] Gemblours @ | F 
831 |.Paris @ j}O&. 24)11 18} Total || 1096] Augfburgh 2) 
832] Fulda }@{Apr.18] 9 of Total |} 1098] Augfburgh a 
84.0 | Paris is |May 4/23 221 9  20}|1099] Naples @ 
84.1 | Paris me Od. 17418 58) 5 24]1/1103]Rome @ 
| 842| Paris @ }Mar.29|14 381 Total }} 1106] Erfurd @ 
843 | Paris @ |Mar.1o} 7 1] Total j/1107| Naples © 
861 | Paris @ |Mar.z9}15 7} ‘Total |} 1109] Erfurd it 
878 | Paris @ jOR. 14/16 —] Total |] 1110} London rs) 
$78 | Paris 4 )OR. 29) 1 —dt1 14]/ 1113] Jerufatem it 
883 | Arracta @jJuly 23] 7 g4inr — 1114} London rs) 
889 | Conftantinople |} April 3}17 52] 9 2: 1117| Trier @lj 
891 | Conftantinople |} Aug. 7/23 48/10 30] 1117} Trier @ 
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1118 | Naples @|Nov.29}15 46] 4 114)1216}Acre @|Marchs!| 9 381 7 4 
1121} Trier Sept.27]16 47| Total |{1218|Damietta @iJuly of 9 46;11 31 
1122 | Prague @ | Mar. 24|11 20] 3 49][1222|Rome @ |O&. 22114 28] Total 
1124} Erfurd @|Feb. 1] 6°43) 8 39|]|1223} Colmar @ |Aprili6} 8 13/1t oO 
1124 | London | Aug.10/23 291 9 58]|1228) Naples t|Dec.27| 9 554 9 19 
1132 | Erfurd @|March3| 8 14{ Total |} 1230} Naples i |May 13}17 —| Total 
1133 | Prague @jFeb.20/16 41] 3. 23}}1230|London @|Nov.21/13 21) 9 34 
1135 | London @ |Dec.22]/20. 11} Total |} 1232|Rhemes te/O&. 15} 4 20] 4 25 
1142 | Rome @{Feb. 11/14 17] 8 30/|1245)Rhemes getJuly 24117 47] 6 — 
1143 | Rome @|Feb. 1] 6 36] Total || 1248)|London @|June 7] 8 49] Total 
1147 | Auranches t3]O. 25/22 38] 7 20]}1255|London @\ July 20] 9 47| Total 
1149 | Bary @ | Mar.25}13 54] 5  29|}1255){Conftantinople | % Dec. 30] 2 52} Annal. }, 
1151 |Eimbeck @ |Aug.28}12. 4] 4 29}|1258)Augfburgh @|May r8{11 17] Total 
1153 | Augfburgh telJan. 26] 0 42)11 -—J]{1261]| Vienna z%|Mar.31{22° 40] 9 8 
1154 | Paris @ |June 26/16 . 1| Total || 1262] Vienna @ | March7 5 so} Total 
1154 | Paris @|Dec.21] 8 30] 4 42]]1262] Vienna @ | Aug.30/14 39} Total 
1155 | Auranches @ |Juner6] 8 45] © 53]]1263] Vienna @ |Feb.24| 6 521 6 29 
1160| Rome @ |}Aug.18} 7 §3| 6 49] 1263 |Augfburg v4|Aug. cf 3 24/11 17 
:161|Rome @ | Aug. 8 15| Total |/1263)| Vienna @jAug.zo] 7 351 9 
1162 | Erfurd @|Feb. 1] 6 40] 5 56|| 1265] Vienna @|Dec.23}16 25] Total 
1162 | Erfurd @ |July 27}12 30] 4 11||1267|Conftantinople | #%| May 24423 11/11 40 
1163|Mont Cafin. '#|July 3] 7° 40) 2 of[1270)Vienna 4 |Mar.22}18 47/10 40 
1164 | Milan @|June 6/10 of Total |j/1272| Vienna @|Aug.1o} 7 27] 8 53 
1168 | London @ |Sept.18]14 0} Total |} 1274}Vienna @|Jan. 23/10 39] 9 25 
1172} Cologne @ | Jan. 11/13 31| Total |] 1275|Lauben @|Dec. 4{ 6 20} 4 .29 
1176 | Auranches @ |Aprilzs}| 7 2] 8 6)/1276| Vienna @ | Nov.2z}15 —} Total 
1176} Auranches @|O&. 19/11 20] 8 53]||1277|Vienna @ | May 18 Total 
1178 | Cologne @ | Marchs | fetting | 7 52]}1279|Franckfort vg|Apr.12}.6 55{19 6 
1178 | Auranches @ | Aug.29]13. 52|.5  32|)1280) London @ | Mar,17|12, 12] Total 
1178 | Cologne #% | Sept.12 10 51}|1284|Reggio @ |Dec.23]16 11) 9 13 
1179 | Cologne @ | Aug. 18/14 28} Total. |} 1290] Wittemburg __| 3% Sept. 4]19 37/19 30 
1180 | Auranches me|Jan. 28} 4 14/10 34]| 1291| London @|Feb.14]10 2] Total 
1181 | Auranches | July 13] 3. 15} 3  48||1302|Conftantinople | @ |Jan. 14/10) 25 Total 
1181 | Auranches @ | Dec. 22] 8 58] 4 40}}1307|Ferrara #4) April 2]2z2 18] 0 $4 
1185 | Rhemes s|May 11 1 53] 9  0}|1309|London @|Feb.24]17 44] Total 
1186} Cologne @ | April 5| 6 —j Total || 1309 Lucca @ | Aug.z1;10° 32 Total 
1186 | Franckfort z%|Aprilzo] 7 19] 4  off|1310|Wittemburg | s%/Jan. 31] 2 2/10 10 
1187 | Paris @ | Mar.25/16 17] 8 42{|1310}Torcello @|Feb.14] 4  8]10 20 
1187 |England #4 ]Sept. 3/21 54] 8 » 6|| 1310] Torcello @ |Aug.1o]}15> 33} 7 16 
1189 | England @\Feb. z}10 —| g —|| 1312) Wittemburg [xe|July 4/19 49] 3 23 
1191 | England #|June23] 0 20/11 32]| 1312] Plaifance @|Dec.14] 7 19} Total 
1192 | France @ | Nov.20J14 —| 6 —}.1313]Torcello @|Dec. 3} 8 58) 9 34 
1193 | France @|Nov.10] 5 27| Total || 1316|]Modena @|O&. 1/14 55} Total 
1194 | London | Aprilaz}] 2 15] 6 49}|1321)Wittemburg =| 4 Junez}j18 rir 
1200 | London @|Jan. 2417 2] 4 35]|1323)|Florence @| May 20;15° 24) Total 
1201 | London @|Junerz{15 4) Total || 1324) Florence @|May 9| & 3 Total 
1204 | England @ |Aprilrs|12 39] Total |} 1324| Wittemburg | | Apr. 23 6.35) 8.18 
1204 | Saltzburg @ |O& 10] 6 32] Total |} 1327|Conftantinople | @|Aug.31}18 26 Total 
1207 | Rhemes #%|Feb. 27/10 jsol1o0 20}| 1328 Conftantinople | @| Feb. 25}13 47,12 — 
1208 | Rhemes @ |Feb. 2] 5 10} Total || 1330) Florence @|Janezo}15 10) 7 34 
1211] Vienna @ | Nov.21113 57] Total |] 1330} Conftantinople | 3s July 16] 4 5{10 43 
1215 | Cologne @|Mar.16]15 35) Total || 1330] Prague @|Dec.25]15 49} Total 
1216} Acre gi[Feb.18]21 15)11 36}| 1331] Prague i | Nov.2g 26| 7p t 5" 
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StruYK’s Catalogue of ECLIPSES. 


Aft. | Eclipfes of the Sun M.&D Middle | Digits |} Aft. | Eclipfes of the Sun Middle | Digits 
Chr. }and Moon feen at nee ‘1H. M.|eclipfed}} Chr. | and Moon feen at ‘tH. M, eclipfed 


ee eee ee | ee ee ee en ee ee 
ne S enEEEEnEEe 


Dec.14]18 [11 —J]) 1421] Forli @ |Feb. 17 2} Total 




















1331 | Prague e 8 

1333| Wittemburg |3|May 14] 3 —j|10 18})1422] Forli @|Feb. 6| 8 26,11 7 
1334} Cefena @|Apr.1g|10 33] Total |{1424] Wittemburg | %%|June 26) 3 57]11 20 
11341] Conftantinople | @ | Nov 23/12 23} Total |] 1431] Forli te |Beb. 12] 2 “41 2836 
1341 | Conftantinople | 3%]Dec. 8]22 15] 6 30}|1433 | Wittemburg #%|June17| 5 —} Total 
1342 |Conftantinople | @|May 20/14 27} Total |} 1438] Wittemburg #4 |Sept.18/20 sof 8 7 
1344 | Alexandria 41/08. 6118 40] 8 55]]1442| Rome @ |Dec.17| 3 56} Total | 
1349|Wittemburg |@|June30/12 20] Total |}1448)| Tubing #/Aug.28|22 23] 8 5 
1354] Wittemburg | #%|Sept.16/20 45] 8 43}|1450]Conftantinople | @|July 24) 7 19 Total 
1356 | Florence @|Feb. 16/11 43] Total |{1457] Vienna @ |Sept. 3/11 17] Total 
1361] Conftantinople | #|May 4]22 15| 8 54]}1460| Auftria @ July 3/7 311 5 23 
1367 {In China @|Jan. 16] 8 27| Total |} 1460] Auftria |July 17/17 32}11 19 
1389 | Eugibin @|Nov. 3/17. 5} Total {| 1460} Vienna @ | Dec. 27/13 30} Total 
1396 | Augfburg #3|Jan. 11{ o 16] 6 22]/1461] Vienna @ |June 22|11 so} Total 
1396 | Augiburg @ | June21j11r 10} Total |}1461}] Rome @ | Dec. 17 Total 
1399 | Forli 4/08. 29] 0 43] g —]]}1462] Viterbo @ jJunerr}15 —]} 7. 38 
1406 | Conftantinople | @| June 1/13 —/10 31]| 1462] Viterbo #!Nov.z1} 0 10} 2 
1406|Conftantinople | #|June15}18 1}11 38]]1464]| Padua @ |Apr.21/12 43] Total 
14.08 | Forli #4/OG. 18/21 471 9 32]11465}| Rome t%|Sept.2zo] 5 151 8 46 
1409 | Conftantinople | |Apr.15| 3 1/10 48]]1465} Rome - | @jOd&. 4} 5 12} Total 
1410} Vienna @ |Mar.20]13 13} Total |]/1469}] Rome @|Jan. 27] 7 gf Total 
1415 | Wittemburg #%|June 6| 6 43| Total |} 1485 | Norimburg #|Mar.16] 3 53}11. — 
1419] Franckfort | Mar.25|22 5} 1 45 





The following ECLIPSES are all taken from RiccioLus, except thofe marked 
with an Afterifk, which are from EL’ Art de verifier les Dates. 


Middle} Digits || Aft:]} | ¢-7, [Middle | Digits || Af. | |yy «py, | Middle } Digits 
























































Aft. M.& D 
Chr. “1H. M. jeclipfed}} Chr. H.. M.jeclipfed}} Chr. | Hi. M. | eclipfed 
1486|/@|Feb. 13] 5 41} Total |{14951@]Mar.10/16 —j} * 1506/@}Feb. 7) 15 —] * ; 
1486 |%3]Mar. 5/17 43} 9 o|f1495)53 Aug.19]17 —| * jj 1500/33) July 20] 3 at] 2. © 
1487|@|Feb. 7/15 49} Total }}1496|@]} Jan. 29/14 — “J Hh1506/@}Aug. 3/10 —} * 
1487 [34 July 20] 2. 6] 7  0/|1497)@) Jan. 18] © 38) Votal |] 1507)%2) Jan. 12/19 —} * 
1388/@| Jan. 28} 6 —j * 1497 |%3| July 29; 3 2) 3° Off 1508)Re) Jan. 2) go] * 
1488 |] July 8117 30] 4 ©f/1499]@] June 22)17° —| * fiso8|t|May 29} 6 —| * 
1489/@|Dec. 7117 41] Total || 1499 |2%| Aug.23 {18 —| * 1508|/@|June 12/17 40} Total 
1490 \3:4|May 19| Noon | * 1499|@|Nov.17|10 —} * 1sog/@|June z}/11 11} 7 © 
1490 |@ June z2}10 6] Total {| 1500}%%) Mar.27| In the| Nig it [t150g/#t| Nov.11 | 22 s-=} * 
1490/@| Nov.26/18 25] Yotal || 1500}@) Apr. 11 At| Noon 15101@ O&. 16} 19 t 
1491 |#|May 8] 2 19/9 offtsooj@jO&* sire 2}ro  offisix}@jOct. 6) 11, 50) Total 
1491 /@|Nov.15;18 —] * 1501}@| May 2]17- 49] Votal }f1g12/@jSept.25| 3.56} ‘Total 
1492 |) Apr. 26} 7 —] * 1502 |%%#|Sept.30119 4g{10. off1513/%%|Mar. 7] 0. 30)°6, 0 
1492 }%3] OG. 20/23 °—] * r5oz/@}OR. 15 fiz 20) 2 offis1g ike} Aug.30] ay =] * 
11493/@|April 1/14 of Total |/1503])@|Mar.12} 9 —j * i1sis|@|Jan. 29}15 18} Total 
1493 OG. 10] 2 gol 8 of] 1503]ke| Sept 19 }22 — , 1516/@} Jan. 19] & ,-o} Total 
1494 %|Mar. 7| 4 12/4  off1504/@}Feb. 29[13 36) Total [15 16/@} July 13) 11+ 37] Total 
1494|@|Mar.21}14 38] Total || 1504)%%|Mar.16) 3° —] * 15 16}%s| Dec. 23) 347] 3. © 
1494 |@| Sept. 14 19 45] Total |/1505}@/Aug.14} 8 18) ‘Total | 1517/83 June 18}16 —]| * 





Of Eclipfes. 


Ricciotus’s Catalogue of ECLIPSES. 


Aft. 
Chr. 


—_—_ |_| — ——— | || —_— mf et | 























Aft. Middle | Digits 
Chr. | |M&D-ler M, leclipted 
1517/@| Nov.z7}19 —| * 
1518|@| May 24/11 19] 9 I1 
1518 {i3| June 7/17.-56]11 0 
1519 |%%| May 28} 1 —j * 

TS 1g {%#] O&. 23] 4 331 6 0 
1519|@| Nov. 6| 6 24] Total 
1520|@|May 2} 7 —]| * 
ne a O&. PET 5 22598 
1520] @| O&.:2¢ /19  —j} * 
1620 @! Mar. fa is —j| * 
1521 3] April 6{1g —}| * 
1521/#%'Sept.30] 3. —| * 
15221@/Sept. 5|12 17] Total 
1523 @ Mar. 1] 8 26} Total 
1523 @| Aug. 25415 24) Total 
1524133|Feb. 4) 1 —}. * 
1524 | 16}16 — ‘ 

1525 |< | 23,4 — 

ia @| July 4/10 10} Total 
1525|@|Dec.z9g}10 46 Total 
15261@| Dec. 18} 10 30] Total 
1527 D _ 2}3 — r 
1527 ec. 7/10 —| 7 
Ae | Mayi7}z0. —]| * 
11529(@} Oct. 16)20 23,11 55 
15301#%) Mar.28|18 231] 8 2 
153018 @| Oa. 6}12 11} Total 
15311 @| April 1} 7 —| * 
1532 |x| Aug.30] © 49] 3. 35 
1533 @|Aug. 4/11 so| Total 
1533 Ae oe hae —| * 
1534 |i) Jan. 42} 5 45 
15341@ Jan, 29114 25 | Total 
1535 [| June 30} Noon | * 
15351@ Jaly 14] 8 a i 

1535 |##| Dec. 24) 2. — 

reget ga|June18{ 2 2] 8 
1536}@} Nov.27| 6 a ses 5 
1627} @{ May 2 8.- 3) Tota 
sl | hess mt 7 | i] 
1¢37|@| Nov. 16} 14 56 Total 
16381/@| May 13/14 24) 3. 0 
16381@| Nov 6) 5. 31193 37 
1539fpApr. 18} 4 33) 9 9] 
rogol2stApril 6/17 15} Total 
1541}@| Mar. 11416 . 34] Total 
te41fs| Aug 21}.0 56} 3. 0 
1542 @jMar. 1| 8 46; 1 38] 
1g424%i| Aug. tol17 .—| ™ 
154344 luly ig Oy e~ 10" 
Lod fan. 9|18 13 Total 
is4a|es| fan. 23]21  16|1¥ 17 
s4atetjuly 47 8. 3 1 Total 











1544 @| Dec. 28 
15-45 |%:#| June 8 
1545 |®@ 11GC. 17 
1546 ue May 30 
1546 |3:#| Nov.22 
1547|@| May 4 
1547 O&. 28 
1547 Nov.12 
154.8 |3%| April 8 
1548 Apr. 22 
154.9 |@| Apr. 11 
1549 O&. 6 
1550} Mar. 16 
i. Feb. 20 
| 


xe @ @ Lite 


3 


q 
has 


1@ GCOS: 


1551 1B) hNs-31 
1553 (3s Jan. 

3 July 10 
@| July 24 
#%! June 29 
8 


1553 
1353 
I 

15541 @| Dec. 

1355 |@| June 4 
1555 ce Nov.13 
15561%%| Nov. 1 
15561/@| Nov.16 
1567 Od... 20 
1558 April 2 
1558 jx] Apr. 18 
1559|/@| Apr. 16 
15601@| Mar.11 
1560 Aug.21 
1560|@| Sept. 4 
1561 Feb. 13 
| 1562 Feb, > 3 
15621@| July 15 
tee Jan. 22 
111563 June 22 
01/1563 July 5 
sf hts 565 Mar. 7 
11565 May 14 
lhe Nov. ‘7 
O&. 28 
April 8 
O&. 
Mar. 
Mar. 
Feb. 
Aug. 


on 
i: 


EY Y Yet Worst Yeled Yel X Yet Ye 


28 

2 
20 
15 
25 
t4 


11569 
[#579 
1570 
1571 |i Jan. 
1572 |#+| Jan. 
1572'@ 

1573 [4] June 28) 
1573 |x| Nov.24 
1573/@|Dec. 8 


©6020 





_— _— _ _ 
Un in Wnt Un 
NOW OD 
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June 25} 








Middle | Digits || Aft Middle 
H. M. leclipfed | Chr. ee EL. Mi. 
18 27| Total || 1574 |#%|Nov.13] 3 50 
20 48) 3° 45|/1575 ]x3|May 19] 8 — 
18 —| * 1575 |%%|Nov. 2] 5 — 
Gina of 1576) @jO&. 71 9 45 
23 —| * 1577|@|April 2|-8 33 
10. 27| 8 off15771@{Sept.26]13 4 
4 SO1IT 34} 15784 @iSept.15}13 4 
2 9) 9 30]) 1579 )84/ Feb. 15) 5 41 
3 —| * 1579 }%3]Aug.20119 0 
11 24] Total |} 1580}@|Jan. 31]/10 7 
Ig 19] 2 offis81f}@jJan. 19] 9 22 
6 —| * 1s81j@l July 15}t7 51 
20 —|* 1582/@|Jan. 8110 29 
8 21} Total || 1582}ss|Junetol17 5 
2 SO bak 2 EP LS 83 Nov.28}21 51 
22 §4] I 22}/1584|35|May 9/18 20 
7 —| * 1584)@|ov.17/ 14 15 
16 0} O 31}] 185 tes} Apr. 29] 7 53 
6 | 1585 1@|May 13] 5 2 
13. 7|1o. 12||1586|@{Sept.27} 8 — 
15 of} Total || 1586 ;#%}O&. 12] Noon 
ig —| * 1587}@|Sept.16} 9g 28 
18.0] 9. .411}1588 je! Feb. 26) 1 23 
12 44).6 55]11588|@]Mar.12}14 14 
zo —| * 1588|{@| Sept. 4117 30 
Il O}] Q 50]}} 158g ja4| Aug. 10] 18 — 
I —j| * I589]/@}Aug.25] 8 1 
4 50| Total |} rsgof#s}Feb. 41 5 — 
15 40] 4 13}|1590f@|July 1617 4 
I o| 6 22]|| 15gojes|July 30}19 57 
7 —| * 1sgr|@|Jan. g| 6 21 
19 —| * Isgrj@ljJuly 6) 5 8 
rvs les sgrite| July 20] 4 2 
15 so| Total || 1sg1|@|Dec.29]16 11 
19 greed font 1592/@|June 24/10 13 
4 50| 8 38}|1592/@|Dec. 18] 7 24 
8. 4It 34]/ 1593 || May 30) 2 30 
L253 1594|%%|May1g]14 58 
16 \ =~ |* 1594|@|O&. 28] 19° 15 
12 46|I1 46}) 1595 |25) April 9} Ter. de 
5 38] Total |} 1595}/@|Apr. 24} 4 12 
23. 41 9 34/1 1595 |x5|May 7)22 — 
13 43] 2 40}} 1595 |teOe. 3) 2 4 
5 1595{@] Oct. 18]20 47 
15 18}. Total || i596 |x3| Mar. 28 In 
5 46] Total || 1s96)@jApr.12] 8 52 
g 17| Total || 1596 || Sept.z In 
4-—|”* 1596|@| Ot. RY 2 
19 —]| * 1597 o Mar. 1 ‘| ote Pet. 
94.0485 20 1597 fs| Sept. Picora 
18 —| * 1598 @} Feb. 20 18 12 
4 — * 1598 Os Mar. 22 & be 
6 51} Total 1598} @| Aug. ¥ 8 15 | 








Digits 
eclipfed 

E23 

* 

* 
Total 
Total 

2 20} 

s 36 
nity 
Total 
Total 

© $3 

7 5 
Total 

3 36) 
Total 

rl 7 

OF oe 

% 

* 

TOs 2 

I 3 
Total 
Fotal 

* 

3 54 
* 

3 54 

10 27 

9 40 
‘Total 

I fe) 
Total 

8 53 

5: 54 

Ze 3o 

fa. 23 

Q 40} 

Fuego F 
Total | 

o 1 

© hs 

Total 

Chili 

6 4 

China 

Sapp 
Ifle 

9 49 

AS RS) 
1K * 57 
Total 
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Aft. , Middle | Digits Aft. . Mi iddle | Digits 
Lone} |M&D-Jer ua. lectiptea|| Chr.| |“!&? |x. M.| ectipfed 






Middle | Digits 


M.& D.1 er” M.. ledlipfea 
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1598 |t%| Aug.31] Magel.| 8 34 1613 |x| Apr. 20] Magel] lanica l¢s}Aug.z1f In {Mexico 
1599|@| Feb. 10]17 21] Total 1613|@| May 4:0 35} Total ig Jan. Zo} tr 38;10 ar]. 
1599 |%3| July 22] 4 31] 4 18)/ 1613 $3] May 19 Faft} Tartary “| Feb. 15} Magel | lanica 
1599|@|Aug. 6 Total || 1613 |%4 OG. 13} South} Amer, i@jjuly'27} 9 4] Total 
1600 |% Jan. 1s| Java {11 48||1613/@}O&. 28] 4 19] Total 7is)Aug. 11] Tenduc}10. 0 
1600 3 Jan. 6 40] 2 58}} 1614) April 8|N.Gui.} 8 44] [i3]Jan. 6 Tenduc} § 40 
1600] OlJuly 10 44 2 10] § 39||1614/@}Apr.23/17 36) $§ 25 | Jan. 2c}1o ~117 Total 
1601 }as Jan. 4 Ethiop.| 9 4o]{ 1614 HOG. 3/0 §7] 5 2 “| July 1 }C Good | Hope 
1601 | Juners| © 18] 4 52]}/1614/@}OR. 17] 4 38} 4 56 i@j July 16,11 26; Total 
1601 |, June 29] China | 4 29]] 1615 |X Mar.zg| Goa 10 ~38 4] Dec. 25 |, In Eng land 
1601/@| Dec. g} 7 6}10 53]} 1615 # Sept.22/ Salom Ifle i@jJan. gf] I 36) 4 27 
{1601/4 Dec. 24) 2 46) 9 52 1616/@| Mar. 3] 1 58} Total 29 tt] June 21]Ganges|I1 25 
1602 /%%% May 21|Greenl.| 2 41|| 1616 |} Mar.17|Mexico} 6 47 ivs]Dec. 14] Peru |1o0 14 
1602|@/June 4] 7 18] Total |} 1616/@/Aug.26]15 33 Total |@|May z5|17 56] 6 0 
| 1602 | June 1g|N.Gra.| 5 43 |] 16168} Sept.ro} Magel.| 10 33 ie] Junesro} 7 47) 9 8 
11602 |3%%) Nov.13| Magel.| 3 —||1617|2%| Feb. 5} Magel|lanica 1630}/@|Nov.19]/1!l 24) 9 27 
1602|@|Nov.28/10 2] Total || 1617/@|Feb. 20] 1 49| Total It4|Dec. 3]N.Gui.J10 10 
1603 || May 10] China [11 21|/ 1617 /%:¢]Mar. 6)22 —] | Apr. 30| Antar. |Circle 
1603/@| May 24/11 41] 7 59||1617)3] Aug. 1 |Biarmia 1@|May15{ 8 15} Total 
1603 || Nov. 3|Rom.L.Jar 17 || 1617/@| Aug.16] 8 22 Total 1x4] OG. 24|C Good | Hope 
1603|@| Nov.18] 7 31] 3 26] 161828] Jan. 26] Magel| lanica l@| Nov. 8]12. of Total 
1604 | Apr. zg] Arabia] 9 32]/1618/@|Feb. 9g] 3 29) 2 57 532 43°] Apr. 19 | C Good | Hope 

| 1604.}3%4|O8. 22] Peru | 6 49}/ 1618/24 July 21 | Mexico l@|May 4] 1 24] 6 35 
1605 $ April 3] 9. 19]11 49]| 1619 |&4| Jan. 15) Califor] nia Hs|OG. 13| Mexico] 8 37 
1605 || Apr. 13 |Madag.} 5 31}/1019|@ June 26]}12° 40] 3 10 21@/ Ok. 27}i2 23] 5 31 
i¢ 05 | |e yert-§ 27] 4 271 9 26{/ 1619 | July 11] Africa [tr 39 334%4]April 8] 5 141} 4 30 
1605 aby 12] 2 321 9 24 1619|@|Dec.z0o}15 53/10 47 1s} OG. 3 |Maldiv.| Total 
1606 Mur 8 | Mexico} 6 1620 |##] May 31] Arctic} Circle (@|Mar.14] 9 35|/11 18 
1606{|@| Mar. 24/11 17 Total 1620/@] June 14/13 47| Total | Mar. 28} Japan }10 19 
1606 jt Bent 2| Magel.}| 6 40]| 1620 /#%| June 29|Magel.}| 7 20 i@j;Sept. 7} 5 of Total | 
1606 | #% Sept. 2| Magel.| 6 40[|1620|@|Dec. 9] 6 39] Total 1634 [& Sept.2z{C.G.H.}| 9 54 
16061@ Sept.16}15 6] Total || 1620 [3% Dec. 23} Magel| lanica 1635 3:4] Feb. 17} Antar. | Circle 
1607 |#%|Feb. 25{21 48] 1 13||1621/x%|May 20/14 s4jto 44]) 163 le Mar. 3} 9 26] Total 
1607|@|Mar.13] 6 36] 1 22\|162rJ@j/June 3/19 42| 9 53 1636 t%|Mar.18|Mexico} o 16 





4  7|| 1621 || Nov.13| Magel| lanica 1635 {| Aug.12] Iceland} 5 o 
Antipo. || 1621]@| Nov.28]15 43] 3 38]|1635{@|Aug.27|16 4} Total 
I 53|| 1622 |3%|May 10/C.Verd} 11 52] | 1636 73 Feb. 6] In Peru 


1607 x3 Sept. 5/15 40 
1608 |34|Feb. 15} at the 
1608 |@} July 27] © 30 








49 || 1626 |z%| Feb. 25| Madag.| 8 2711 1639/3, Nov.z4| Magel.j11 0 


1612 Nov. 8] 3. 22 
off 1626/@jAug. 7} 7 48][ O 25 ]1 1639) [@) Dec. oltr 57] 3 46 


1612 |} Nov. 22] Magel. 


} 1608 {ss} Aus. g} 4 39] © 40||1622|%%|Nov. 2} Malacca In. 1636}@|Feb. zo]/11 341 3 23 
| 1609 @jJan. 19/15 21/10 32]/1623/@|Apr.14] 7 I9}/19 54 1636 |%} Aug. 1} Tartary}11 20 
11609 |#|Feb. 4] Fuego | 5 22 || 1623 |%) Apr. 29 1636|@jAug.16} 4 34) 1 25 
[1609}@j July 16/12 8] Total ||1623}@ O&. 8 22| 8 35|1|1637 || Jan. 26} Camiboya 
| 16009 [a] July 30}Canada}] 4 10]| 1623 [3%] Oct. 23 Califor. 10 46}| 1637 |x| July 21) Jucutan 
| 1609 |##| Dec. 26}19 —]} 5 50||1624}#%| May 18|N.Zem.] 6 0} | 1637)@ Dec. 31] 0 44}10 465 
lrér0f@fJan. oj 1 31] Total |{1624/@|Apr. 3] 7 9| Total || 1638 |s|Jan. 14] Perfia| 9 45 
} 1610 |} June 20] Java |10 46}/1624 2 Apr.17| Antar.| Circle || 1638/@|June z25;20 17; Total 
b1610/@} July 5/16 s8{11r 13]})1624|2%|Sept.r2| Magel| lanica 1638 | July r1]5 Mag-} g 5 
1610 |#|Dec. 15|Cyprus}| 4 so]}1624]@|Sept.26| 8 55] Total 1638 #%| Dec. 5 } ellan|-2 10] 
1610}@} Dec. 29}16 47) 4 23}]1625 |x| Mar. 8 Florida 1638|@| Dec. 20f15 16] Total 
1611 |#5] June ro} Califor.| 11 30 1625 @| Mar.23);14 1} 2 11 1639 #%| Jan. 4|Tartary} o 30 
11612/@| May 14}10 38] 7 22]| 1625 \#5|Sept. 1] St. Pe} ter’s Ifl.}| 1639 /%% June 1] 5 59110 4o 
1612 |%5} May 29|23 38] 7 144]1625/@jSept.16/11 41] 5 6]} 1639 @| June els} 2 41/11. 9 
© 9 
9 













Riccrotus’s Catalogue of ECLIPSES. 


Aft. Middle Digits || Afr. Middle | Digits |} Aft. 
Chr M.&D. H. M. Jeclipfed ce M.&D. H. M.|eclipfed|{ Chr. 


— Pee! teeeed Geer Ge 


























1640} £4| May 20] N.Spa.{1o 30}}1654 
164.0] $4) Nov.13]} Pera |10 36]/ 1655 
1641} @|Apr.25] 1 2] 9° 49}/ 1655 
1641) $%|May g}| Peru {10 161}| 1655 
1641] @}OR. 18] 8 19] 6 31}} 1656 
16411 €3|Nov. 2118 46 1656 
1642) | Mar. 30] Eftotl. | 4 off 1¢s6 
1642} @jApr.t4}r4a 31] Total || 1656 
164.2} $4} Sept.2¢ 4 Magel}lan 1657 
1642 @) Oct. 7116 45} Total || 1657 
1543] 4) Mar.19} 13 53 
1643} @/April 3/21 10} 3. 9{/1657 
1643) $:|Sept.12}17 0 
164.3} @|Sept.27} 7 38| 6 off 1658 


@)Aug.27]11 49] 1 53]|1670|x%|Sept.ro]1g 
wal Feb, 6] 2 37{ 4 20|[1670/@|Sept.28]15 43] 9 7 
te)Aug, 1]14 19 1670 j$4) Oct. 13/12 5 |——— 
@)Aug.16/16 —]| , 1671 |x April 8}23 29 
@jJan. 11] g =4]10 off 1671 ]es]Sept. 2] 21 25 
@j July 6) 3 17} Total |{1671]@jSept.18] 7 44] Total 
wa{fuly 21}11 48 11672 || Feb. 28} 3 38 
@)| Dec. 30}23 30} Total |{1672/@}Mar.13] 3 17] ——— 
tH June ii{11 20 1672 |#4| Aug.22] 6 43|/——— 
@/June 25] 9 35) Total |] 1672}@|Sept. 6/18 54]——— 
{%|Dec. 4120 © 11673 |%4| Feb. 16] 7- 29 
@) Dec. 20] 7 47] 3 9] 1673/83 Aug.11j21 44 
i| May 31116 0 1674/@} Jan. 21/18 22/41 21 
®\June rg}22 58 1674 \%a;Reb. “gf “9” 4 

























































































































































































































































1644) %%|Mar. 8] 6 20] 1658|@| Nov. 9/13 561) 0 10//1674/@}July 17} 9 40} Total 
Lo44tds| Aug.31f18 10 1658 |<%| Nov.24]ir 36 1675|@j Jan. 11} 8 29] Total 
16451 @|Feb. ro] 7 4s} 8 5211} 1659|@| May 6] 8 34] 8 5 || 1675 |e] Jan. 25/10 36 
1645} x2) Feb, 26}Rom.I.J10 46)|1659/%%%|May 20fi7 4 [1675 @lJuly 6/16 31} Total 
1645 @jAug. 7} 2 4} Total || 1659}@)OM. 29]16 16] 5 c2}{1676)88)June ro}z21 26] 4 34 
1645143) Aug.21{ o 35] 4° 40{/ 1659/84} Nov.ra] 4 25] 9 51/11676|@|June 25| 6 26|——— 
1646} 23| Jan. 16] Str. of | Anian, || 1660}@ Apr. 24] 21 58] Total |] 1676123] Dec. 4} 20 52] 
1646) @| Jan. 30/18 11] Total |} 1660/#%/08&. 3}22 34) — [1677 Ms] Nov.24liz ° 5 
1646) 3] July 12] 6 57 1660/@)O&. 18] o 32] Total |)1677}@]May 1/16 25} 8 165 
1646| @|July 27) 6 2] Total || 1660/%%|Nov. 2/13 48{-——— 11678 @|May 6] 5 30 
1647] ##| Jan. 5}12 10 1661/33] Mar.2g|z2 32]——— sea pass 29} 9 17] Total 
1647) @| Jan. 20] 9 43] 4 47]}/1661/@}Apr.14] 4 28 1679 ADT. TG4 22) VO 
1647)%%| July 2] 0 9 POO1 88] Sept.23] 1 36) 11 19 }4167 ole Maps, QELIR “EA 6 Ae 
1647] #4| Dec. 25/13 38 1661;@jOc, 7lig Srl 7 4 | 1680 |e Ree Z01e8. 22 
1648) @|June 5] 0 ss} 4 28}}1662)/%%|Mar.rolis 8 1168 30 att) Sept.22) 7 57 
1648] | June zo} 13 28 #662{%4)Apr.12} 1. 8}—— 11681 ie Mar. 4] Noon |———— 
1648] @| Nov.29/19 17] 7 40||1663}{Feb. 21116 11 14 {108 1 | Mar.10}13 43 
1648) #3| Dec. 13/21 48 1663 |#%#| Mar. go] 5 |} 1681 |e} A g.28)15) 22tlo 35 
ole May 25} 1 20} Total || 1663}@ Aug. 18 8 45] Total } 1081 i sees 13 431— 
1649) 32 June g| RAC. | 4 of} 1663 ve Sept. 1h28i4638 1.182 @| Feb, 21jEZ 28] Total 
49] o Nov. 4] 2 0] 5 19 1664.)33 «| Jan. 27120 40} ji 532 | @) Aug 17118 56) Total 
Be @|Nov.18)19 56} otal | 165418 | Feb. ri} 3 16};—— 163 3 3] Jan. 27lwtl, 26140 30 
1650/#3|Apr. zo] 5 C4 eae are 11664 Is July z2}14  48]——— 11633 /@ Feby,<O1 a3! - 301 
1650| @| May 15] 8 37.) Fee 57 1664 }%4%|Aug.20|22 Io i 1683 oF Aug. 6}20 36 
F650) #4) Ot. 24117 17 | 1665/@| Jan. 30/18 47] 4 is Jan. 16) 6 34} 
1650] @| Nov. 7}20 me, 3 {| 1665 elJaly 12] 7 48 —| 168416 June 26/15 18] bogs 
1651) 3:4) Apr. 19} Tuber. | , 1665 @|July 25/13 31} o wal 1684 |x| July 12] 3 26] Total 
1651 sy OF. 14]/°2 16 1666 /|Jan. 4l21 33 1} 1654|@}Dec. 21J11 18] 9 45 
1652! @|Mar.241/16 sz} 8 so | 1666 vel July mfrg of1r ro} 16%s5 |e} Jan. 4 16 0 
ro} 53 s|April 7]22 40] 9 59 ||1667|/@|June 5| Noon 11685 |@}Juner16| 6 o SF 
2| @| Sept. 17| 7 27) 9 49})}1667 |x| July 21] 2 32|————-} 1685 |@| De To} 11 6| ‘Total 
Geel #41 Ott. 21 5g 2 1667 |34| Nov.15| 11 30 (—— | 1086/2 May21|17 9 
1653/ #3] Feb. 27 11668 |#%| May ro} Setting rf 16°6|@j June y 
16531 @ Mar.13}17 9} Total }{1663}@}May 25116 26) g 32 It 86 |B} Nov. é 
1653 [23 Sh Aug.22 |——_-— ba *s|Nov. 41.2 531 9 50|) 1687 4) May 
1653] @|Sept. 6| 23 45| Total |} 1668}@)Nov.18} 3 54) 6 451) 1687|@| May 
6543 Feb. 16} 9 10)— 1669/34] Apr. 29/18 48 | 1687 | @| Apr. 
ifs 54) @| M ar. 2419 251 3 14 | 2559 *)O0C. 24/10 13 | 1688 j3%s| Apr 2 | 
165413 A Aug.11]/22 24] 2, 28}] | 167 o|#|Apr. rg] 7 G ieee | 1683 ( 
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Riccrotus’s Catalogue of ECLIPSES. 


















































Middle Aft. Middle | Digits || Aft. Middle | Digits 
Mite [Mt M.lectipted|| Chr. |Ms&D- ler 1. ectipled di M.&D. 135 -"M. leclipfed 
S 19 40 1693|@|Jan. 21/17 25] Total || 1695}8%|Nov.23}17. 32) ———— 
S 7 42 1693|@|July 17| Noon 1697 || Apr. 20/14. 32|-———— 
ry 15 46 1694.1@| Jan. 11} Noon 1697|@|May 5|18 27)——— 
ts 1694 |#%|June 22} 4 22] 6 22]11697/@)/O&. 29] 8 44] 8° 54 
® 14 31116941@) July 6]13 51] o 47]/ 1698|%s|Apr. 10] 9g (13 
x 1695 \%}May 11} 6 3 1698 #3] O&. 3415 29 
e|< 42 1695 |@| May 28} Noon 1699|@|Mar.15} 8 14) 9 7 
G 30 169s |@|Nov.zo| 8 of 6° 55]! 1699/t%|Mar.30|22 oo 
Gs 51 1695 |#3|Dec. 5]i7 7 1699 |@|Sept..8]23 22 
@ 20 1696|@|May 16/12 45| Total || 1699|%4|Sept.23| 22° 38] 9 58 
i 31 1696 |<3|May 30) 12 56 1700|@|Mar. 4}/20 11 





9 1696}@| Nov. 8)17. 30] Total |} 1700]@}Aug.29] 1 42 
u | 





The Eclipfes from SrruyK were obferved: thofe from Riccroxus cal- 
culated: the following from L’ Art de verifier les Dates, are only thofe which 
are vifible in Europe for the prefent century: thofe which are total are marked 
with a J; and M fignifies Morning, 4 Afternoon. 


Vifible ECLIPSES from 1700 to 1800. 


Months} Time of Months | Time of 


Aft. Aft. 








and { the Da : and | the Day 
as Days. | or Night Sk Days. | or Night. 
1701|@ I t|May 3) 9 M. 7.1}1732] @|Dec. 1f10 A. TZ. 
1703|@ 7 @ | Nov.11} 5 M. 1733 | i] May 13] 7 A. 
1703/@ I @ | Mar.27] 3 M. 1733} @ | May 28] 7 A. 
1703] @ 7 @ | May 20} 6 A. 1735] @|O& 2) 1 M. 
1704| @ , @ (Sept. 9 8 A T.]] 1736] @ | Mar.26]}12 A. T. 
17061 @ 2 @ | Aug.z29} 9 A. 1736| @ |Sept 20] 3 M. 7. 
1706 | #% a) @ | Jan. 13] 3 A. 1736] #|Oct. 4] 6 A, 
1706|@ 7 @j|Junez9} 3 M. 1737 | ##|Mar. 1| 4 A. 
17°71 @ 2 *%/Dec. 81.3 A. 1737] @ | Sept. 9} 4 M. 
1708] @ 6 @ | Dec. 22] 4 A. 1738] %|Aug 15 ]11 M. 
1708 | zi 8 | May 22] 7 A. J.4]1739] @ |Jan. 24] 11 A. 
1708| @ 9 @| Nov. 1} 4 M. 1739] %| Aug. 4] 5 A. 
1709 | 3 2 @ |O&. 21] 7 A. 1739 | 3%} Dec. 30] 9 .M. 
1710| @ I |Sept.25] 6 A. 1740] @| Jan. 13/11 A. TZ. 
1710} 3 1 A, @/Od. 11] 5 M. 1741] @|Jan. 1f12 A, 
1711 | <4 8 A. %|Sept.15} 7 M. 17431 @|Nov. 2] 3 M. 7. 
I7111@ 6, A. Jz @| Feb. 13] 9 A. J.J} 1744] @ | Aug.26] 9 A. 
1712|@ 8 @| Aug. 9} 1 M. 1746] @ | Aug.30]/12 A. 
1713|@ 6 A. @|Feb. 4] 4 M. 17471 @|Feb. 14] 5 M. T. 
17131 @ 4. M. @)| Junezo] 2 M. 1748] 4] July 25/11 M, 
SETS sear SS SS Ss ss hr 


Afi, 
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Vifible ECLIPSES from 1700 to 1800. 

Months | Time of Months} Time of Months} Time of | 
Aft. and the Day |] Aft. and | the Day |] Aft. and | the Day | 
Chr. Days. | or Night. }} Chr. Days. | or Night. |} Chr. Days. | or Night. 
1748] @/Aug. 812 A. 1765 | se] Aug.16} 5 A, 1782} @|Apr.izj 7 A, | 
1749| © |Dec 23] 8 A. 1766|@|Feb. 24} 7 A, 1783] @|Mar.18} 9 A. J.J 
1750]%#!Jan. 81 9 M. 1766 )%%) Aug. 5} 7 A. 1783] @|Septrofir A. T.f 
1750) @|Junero} 9g A. 7.}]1768| @}Jan. 4 5 M. 1784] @|Mar. 7] 3 M. 
1750| @|Dec.13] 7 M. 1768} @ | June 30} 4 M. 7.|} 1785} | Feb. of 1 A. 
1751|-@|June go} 2 M. 1768 | @|Dec. 23) 4 A T.}]1787] @| Jan. g1as.A.. 7. 
1751| @|Dec. z2J10 A. 1769/34}June 4} 8 M. 1787|%%|Jan. 1gj1o M. tf 
1752) %%|May 13] 8 A, 1769| @|Dec. 13] 7 M. 1787) x4] Juners] 5 A. 
1753) @{Apr.17] 7 A. 1770] 3%|Nov.i7]/ 10 M. 1787} @|Dec. 241 3 A. 
1753 be OG, 26}10 M. 1771) @|Apr.28] 2 M. 1788 13%) June 4] 9 M. 
1755|@,Mar.28] 1 M. 1771} @|Oct. 23] 5 A. J} 1789]'@|Nov. 2412 A. 
1757| @| Feb. 6 M. 1772] @|Od. 11} 6 A. T.] 11790] @lApr. 28412 A. T. 
1757] @| July 30J12 A. 177213:4|O&. 26] 10 M. 1790] @ | Od. 23) 1 M. TF. 
1758|@| Jan. 24] 7 M. 7.1]1773| ##|Mar.23] 5 M. 1791} %|April 3} 1 A. 
1758} %#|Dec. 30] 7 M. 1773 | @|Sept.30] 7 A. 1791} @|O&. 12} 3 M. 
1759} %%|June24} 7 A. 1774}3%%|Mar.1z2}10 M, 1792] %|Sept.16,11 M. 
1759] &é| Dec. 1g} 2°A. 1776| @|July 31] 1 M. Z.}/1793] © Feb, 2g {10 A. 
1760] @| May 29] 9g A. 1776) %|}Aug.14} 5 M. 1793 | :¢|Sept. 5] 3 A. 
1760} %#|June 13} 7 M. 1777 | | Jan. of 5 A. 1794) |Jan. 31] 4 A. 
1760] @| Nov.22] 9g A. 1778] x) Junez4} 4 A. 1794| @|Feb. r4}a1 A. T. 
1761| @|May 18}rr A. J.}/1778} @| Dec. 4] 6 M. 1794] ti] Aug.2z5] 5 A. 
1762| @|May 8] 4 M. 1779} @| May 30] 5 M. 7. 1795] @| Feb. 1 M. 
1762] #|O&. 17] 8 M. 1779 |%|Junerg] 8 M. 1795] ss] July 16] 9 M. 
1762| @| Nov. 1] 8 A. 1779] @| Nov.23] 8 A. 1795] @| July 31] 8 A. 
17631 %%|Apr.13] 8 M. 1780} x:|O&. 27] 6 A. 1797 | t#|June 25] 8 A. 
1764| | Apr. rf10o M. 1780] @| Nov.1zj 4 M. 17971 @|Dec. 4] 6 M. 
1764] @| Apr. 16] 1 M. 1781 | #| Apr. 23} 6 A. 1798] @|May 27] 7 A. TZ. 
1765 | t*| Mar.21}] 2 A. 1781] #4}O&. 17| 8 M. 1800] @/O& 2}11 A, 


SE a ed 
328. A Lift of Eclipfes, and hiftorical Events, which happened about the 


Jame Times, from Ricciowvs. 


Before CurIsT. 

754| fuly 5} But according to an old Calendar this Eclipfe of 
the Sun was on the 2:/t of pril, on which day the 
Foundations of Rome were laid if we may believe 
Taruntius Firmanus. 

721 | March 19 A total Eclipfe of the Moon. The Arian 
Empire at an end; the Babylonian eftablithed. 

585} May 28) An Eclipfe of the Sun foretold by Tuas, by pinoricat 
which a peace was brought about between the kclipfes. 
Medes and Lydians. 

e271 JU Wee An Echipfe of the Moon, which was followed 

| by the death of CamByses. 
Ana Before 


tz Sistis: paapabssc esti iis rw eset irae Sees aro 
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Before CuristT. 


502} Nov. 19} An Eclipfe of the Moon, which was followed 
by the. flaughter of the Szdbines, and death of 
Valertus Publicola. 

463] April 30] An Eclipfe of the Sun, The Perfian war, and 
the falling off of the Perfians from the Egyptians. 

An Eclipfe of the Moon, which was followed 

431} 4pril 25|by a great famine at Rome; and the beginning of 
the Peloponnefian war. 

431| duguft 3} A total Eclipfe of theSun. A Comet and Plague 
at Athens *, 

413 | dug. 271 A total Eclipfe of the Moon. Niécias with his 
thip deftroyed at Syracufe. 

394 | dug. 14] An Eclipfe of the Sun. The Perfians beat by 
Conon in a fea engagement. ie 

168 | ‘fune 21|° A total Eclipfe of the Moon. The next day 


Perfeus King of Macedonia was conquered by 
Paulus Emilius. | 


After CurisT. 


59|4pril 30| An Eclipfe of the Sun.» Thig‘is reckoned among" 

the prodigies, on account of the murther of Agrip- 
pinus by Nero. | 

237| April 12 A total Eclipfe of the Sun. A fion that the reign 
of the Gordianz would not continue long... A fixth 
perfecution of the Chriftians. 

306 | fuly 27 An Eclipfe of the Sun. <The Stats were feen, 
and the Emperor Con/tantius died. 

840] May 4] A dreadful Eclipfe of the Sun. And Lewis the 
Pious died within fix months after it. 

1009| ——-——— An Eclipfe of the Sun. And. Yerufalem taken by 
the Saracens. 

1133) dug. 2) A terrible Eclipfe of the Sun. The Stars were 
feen. A {chifm in the church, occafioned by there 
being three Popes at once. 

The fuperfti- 329. I have not cited one half of Ricciozus’s lif of potentous, 
of the antients Eclipfes; and for the fame reafon that he declines giving any more 
with regard Of them than what that lift contains: namely, that ’tis moft difa- 
to Eclipfes, 


* This Eclipfe happened in the firft year of the Peloponnefian war. 
I greeable, 

























Plate XT. 
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Of Eclipfes. 6 


greeable to dwell any longer on fuch nonfenfe, and as much’as poffi- PLATE XI. 
ble to avoid tiring the reader: the {uperftition of the antients may be 

feen by the few here copied. My author farther fays, that there 

were treatifes written to fhew againft what regions the malevolent 

effects of any particular Eclipfe was aimed: and the writers afiirmed, 

that the effects of an Eclipfe of the Sun continued as many years as.the 

Eclipfe lafted hours; and that of the Moon as many months. 

330. Yet.fuch idle notions were once of no {mall advantage to Very fortu- 
CuRIsTOPHER CoLuMBuS; who, in the year 14.93, was driven on ole Regn 
the ifland of ‘famaica, where he was in the greateft diftrefs for want puzg 
of provifions, and was moreover refufed any affiftance from the inhabj- Coumnus. 
tants; on which he threatened them with a plague, and that in token 
of it there fhould be an Eclipfe: which accordingly fell on the day he 
had foretold, and fo terrified the Barbarians, that they {trove who 
fhould. be firft in bringing him all forts of provifions ; throwing them 
at his feet, and imploring. his forgivenefs. RiccroLus’s Almageft, 

Vol. I. lev. c. ii. 

331. Eclipfes of the Sun are more frequent than of the Moon, Why there ae 
becaufe the Sun’s ecliptic limits are greater than the Moon’s § 317: Baliplecofthe 
yet we have more vifible Eclipfes of the Moon than of the Sun, Moon thanof 
becaufe Eclipfes of the Moon are feen from all parts of that Hennic the Sun. 
{phere of the Earth which is next her, and equally great to each of 
thefe parts; but the Sun’s Eclipfes are vifible only.to that fmall portion 
of the Hemifphere next him whereon the Moon’s. fhadow falls; as 
fhall be explained. by and by at large. : 

332. The Moon’s Orbit being elliptical, and the Earth in one of its 
focufes, fhe is once at her leaft diftance from the Earth, and once at 
her greateft in every Lunation. When the Moon changes at her Fig. I, 
leaft diftance from the Earth, and fo near the Node that her dark 
fhadow falls on the Earth, the appears big enough to cover the whole Tota! and an- 
* Difc of the Sun from that part on which her {hadow falls; and the eee 
Sun appears totally eclipfed there, as at 4, for fome minutes: But 
when the Moon changes at her greateft diftance from the Earth, and 
fo near the Node that her dark fhadow is directed towatds the Earth, 
her diameter fubtends a lefs angle than the Sun’s; and therefore the 
cannot hide his whole Dife from any part of the Earth, nor does her 
fhadow reach it at that time; and to the place over which the point of 


* Although the Sun and Moon are fpherical bodies, as feen from the Earth they 

appear to be circular planes, and fo would the Earth if it were feen from the Moon. 

-— . yA Ne) 

‘The apparently flat furfaces’ of the Sun and Moon are calléd their Dies by Aftro 
nomets. 


Aa2 her 


Sesshsetszs 


agi 


33% 
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PLATEXI. her fhadow hangs, the Eclipfe is annualar as at B; the Sun’s edge 
appearing like a luminous ring all around the body of the Moon. 
When the Change happens within 17 degrees of the Node, and the 
Moon at her mean diftance from the Earth, the point of her thadow 
juft touches the Earth, and fhe eclipfeth the Sun totally to that fmall 
{pot whereon her fhadow falls ; but the darknefs is not of a moment’s 
continuance. 
The longe’ —_ 333.. The Moon’s apparent diameter when largeft exceeds the Sun’s 
ue ae , when leaft only 1 minute 38 feconds of a degree: And in the greateft 
Fhe eae Eclipfe of the Sun that can happen at any time and place, the total 
darknefs continues no longer than whilft the Moon is going 1 minute 
38 feconds from the Sun in her Orbit ; which is about 3 minutes and 
13 feconds of an hour. 
Tohowmuch 334. The Moon’s dark fhadow covers only a {pot on the Earth’s 
of the Earth furface, about 180 Engli/b miles broad, when the Moon’s diameter 
tke ahead appears largeft and the Sun’s leaft; and the total darknefs can extend 
partially no farther than the dark fhadow covers. Yet the Moon’s partial Sha- 
eclipfed at dow or Penumbra may then cover a circular {pace 4900 miles in dia- 
ence. - e e ° - 
meter, within all which the Sun is more or lefs eclipfed as the places are 
lefs or more diftant from the Center of the Penumbra. When the 
Moon changes exactly in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipfe; becaufe at that time it 
falls perpendicularly on the Earth’s furface: But at every other moment 
it falls obliquely, and will therefore be elliptical ; and the more fo, as 
the time is longer before or after the middle of the general Eclipfe ; 
and then,’ much greater portions of the Earth’s furface are involved in 
the Penumbra. 
Duration of —§ 335. When the Penumbra firft touches the Earth the general 
Ree Eclipfe begins: when it leaves the Earth the general Eclipfe ends : 
Fclipfes. from the beginning to the end the Sun appears eclipfed in fome part 
of the Earth or other. When the Penumbra touches any place the 
Eclipfe begins at that place, and ends when the Penumbra leaves jit: 
When the Moon changes in the Node, the Penumbra goes over the 
center of the Earth’s Difc as feen from the Moon; and confequently,, 
by defcribing the longeft line poffible on the Earth, continues the 
Jongeft upon it; namely, at a mean rate, 5 hours 50 minutes: more,, 
if the Moon be at her greateft diftance from the Earth, becaufe fhe 
then moves floweft; lefs, if the be at her leaft diftance, becaufe of 
her quicker motion. 
336. To make the laft five articles and feveral other Phenomena 
Rig. IL, plainer, let S be the Sun, Z the Earth, 1 the Moon, and AMP the. 
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Moon’s Orbit. Draw the right line We 12 from the weftern edge of 
the Sun at W, touching the weftern edge of the Moon at ¢ and the 
arth at 12: draw alfo the right line Yd 12 from the eaftern edge of 
the Sun at VY, touching the eaftern edge of the Moon at d and the The Moon’s 
Earth at 12: the dark fpace ce 12 d included between thofe lines is Hap thadaw: 
the Moon’s fhadow, ending in a point at 12 where it touches the 

Earth ; becaufe in this cafe the Moon is fuppofed to change at MW in 

the middle between 4 the Apogee, or fartheft point of her Orbit from 

the Earth, and P the Perigee, or neareft point to it. For, had the 

point P been at M, the Moon had been nearer the Earth; and her 

dark fhadow at e would have covered a {pace upon it about 180 miles 

broad, and the Sun would have been totally darkened as at 4 (Fig 1) 

with fome continuance: but had the point 4 (Fig. II) been at 4, 

the Moon would have been farther from the Earth, and her fhadow 

would have ended in a point about ¢, and therefore the Sun would 

have appeared as at B (Fig. I) like a luminous ring all around the 

Moon. Draw the right lines WXdb and VXeg, touching the con- 

trary fides of the Sun and Moon, and ending on the Earth at 2 

and 4; draw alfo the right line SX 12, from the center of the And Penum- 
Sun’s Difc, through the Moon’s center, to the Earth at 12; and es 
fuppofe the two former lines /”Xdh and VXcg to revolve on the line 

SXM rz as an Axis, and their points ¢ and 4. will defcribe the limits 

of the Penumbra JT on the Earth’s furface, including the large 

{pace aobiza; within which the Sun appears more or lefs eclipfed 

as the places are more or lefs. diftant from the verge of the Penum- 

bra aob. 

Draw the right line y 12 acrofs the Sun’s Difc, and: parallel to Digits, what: 

the plane of the Moon’s Orbit; divide this line into twelve equal 

parts, as in the Figure, for the twelve * Digits of the Sun’s diameter : 

and at equal diftances from the center of the Penumbra TT to: its 
edge on the Earth, or from 12 to: 0, draw twelve eoncentric Circles; 

as marked with the numeral Figures 1 2 3 4 &c. and remember that 
the Moon’s motion in her Orbit 4MP is from weft to eaft, as from 


§ to ft. Then, 

To an obferver on the Eatth at 4, the eaftern limb of the Moon at The different. 
d feems to touch the weftern limb of the Sun at W, when the Moon mare 
is at M; and the Sun’s Eclipfe begins at 6; appearing as at / in j 
Fig. III at the left hand; but at the fame moment of abfolute time 


to an obferver at ain Fig II the weftern edge of the Moon. at ¢ leaves 


* A Digit is a twelfth. part of the diameter of the Sun and Moon. 
the 
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ie PLATEXI. the eaftern edge of the Sun at V, and the Eclipfe ends, as ‘at the 
vO | right hand C of Fig. IIT. At the very fame inftant, to all thofe who 
ae | live on the Circle marked 1 on the Earth F in Fig. II, the Moon M 
1k cuts off or darkens a twelfth part of the Sun S, and-eclipfes him one 
ae | Digit, as at 1 in Fig. IIL: to thofe who live on the Circle marked 2 in 
aa | Fig II the Moon cuts’ off two twelfth parts of the Sun, as at 2 in 
ia 3 Fig. HI: to thofe on the Circle 3, three parts; and fo on to the cen- 
ter at 12 in Fig. I, where the Sun is centrally eclipfed as at B in the 

middle of Fig. IIT: under which Figure there is a.{cale of hours and 

Fig. II. minutes, to fhew at a mean {tate how long it is from the beginning to 
the end of a central Eclipfe of the Sun on the parallel of London; and 

how many Digits are eclipfed at any particular time from the begin- 

| ning at 4 to the middle at B, or the:end at C. Thus in 16 minutes 
wie | from the beginning, the Sun is two Digits eclipfed; in an hour and 
ue five minutes, 8 Digits; and in an hour and thirty-feven, minutes, 12 


Digits. 
pa 337. By Fig. II it is plain, that the Sun is totally or centrally 
hie éclipfed but toa {mall part of the Earth at any time; becaufe the dark 


Fig. II. conical fhadow e of the Moon M falls but on a {mall part of the Earth: 
and that the partial Eclipfe is confined at that time to the {pace included 
by the Circle a 0 4, of which only one half can be projected in the- 
Figure, the other half being fuppofed to be hid bythe convexity of the 
Earth FE: and likewife; that no part of the Sun is eclipfed to the large 

The Velocity fpace YY of the Earth, becaufe the Moon is notgbetween the Sun 

2 pea and that part of the Barth : and therefore to all that part the Eclipfe is 

Earth, invifible. The Earth turns eaftward on its Axis, as from g& to A, 
which is the fame way that the Moon’s fhadow moves; but the Moon’s 
motion is much fwifter in her Orbit from s to ¢: and therefore, altho’ 
Eclipfes of the Sun are of longer duration on account of the Earth’s 

motion on its Axis, than they would be if that motion was {topt, yet 

| in 3 minutes and 13 feconds of time, the Moon’s fwifter motion carries 
her dark thadow quite over any place that its center touches at the 
time of greateft obf{curation. .The motion of the fhadow on the Earth’s 

Difc 1s equal to the Moon’s motion from the Sun, which is about gobi 

minutes of a degree every hour at a mean rate; but fo much of the 

ae |: Moon's Orbit is equal to 30% degrees of a great Circle on the Earth, 
my § 320; and therefore the Moon’s fhadow goes 30 degrees or 1830 
geographical miles on the Earth in an hour, or 302 miies in a 

Fig. IV. minute, which is almoft four times as fwift as the motion of a 

iyi cannon-ball, 


330. As 
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338. As feen from the Sun or Moon, the Earth’s Axis appears dif- PLATE XE. 
ferently inclined every day of the year, on account of keeping its 
parallelifm throughout its annnal courfe. Let E, D, O, N, be the Fig. Iv. 
Earth at the two E’quinoxes and the two Solftices; N Sits Axis, N 
the North Pole, S the South Pole, 4 Q the Equator, TF the Tropic 
of Cancer, ¢ the Tropick of Capricorn, and ABC the Circumference Phenomenaof 
of the Earth’s enlightened Difc as feen from the Sun or New Moon at gtx 
thefe times. The Earth’s Axis has the pofition NES at the vernal sun shes 
Equinox, lying towards the right hand, as feen from the Sun or New Moon at dif- 
Moon ; its Poles N and S being then in the Circumference of the Dife; ore ie 
and the Equator and all its parallels feem to be ftraight lines, becaufe | 
their planes pafs through the obferver’s eye looking down upon the 
Farth from the Sun or Moon directly over E, where the Ecliptic FG 
interfects the Equator 4. At the Summer Solftice, the Earth’s 
Axis has the pofition NDS; and that part of the Ecliptic FG in 
which the. Moon is then New, touches the Tropic of Cancer J at D. 

The North Pole WN at that time inclining 23% degrees towards the Sun, 

falls fo many degrees within the Earth’s enlightened Difc, becaufé 

the Sun is then vertical to D, 23+ degrees north of the Equator 4Q ; 
and the Equator with all its parallels feem elliptic curves bending 
downward, or towards the South Pole as feen from the Sun: which 
Pole, together with 231 degrees all‘round it, is hid behind the Difc 
in the dark Hemifphere of the Earth. At the autumnal Equinox 
the Earth’s Axis has the pofition NOS, lying to the left hand as feen 
from the Sun or New Moon, which are then vertical to O, where the 
Fcliptic cuts the Equator 422, Both Poles now lie in the circumfer- 
ence of the Difc, the North Pole juft going to difappear behind it, 
and the South Pole juft entering into it; and the Equator with all its 
parallels feem to be ftraight lines, becaufe their planes pafs through 
the obferver’s eye, as feen from the Sun, and very nearly fo as feen 
from the Moon. At the Winter Solftice the Earth’s Axis has the 
pofition NNS; when its South Pole S inclining 231 degrees toward the 
Sun falls 23+ degrees within the enlightened Difc, as feen from the — 
Sun or New Moon which are then vertical to the Tropic of Capricorn 
t, 23; degrees fouth of the Equator #2; and the Equator with all 
its parallels feem elliptic curves bending upward; the North Pole 
being as far hid behind the Dife in the dark Hemifphere, as the 
South Pole is come into the light. The nearer that any time of the 
yeat is to the Equinoxes or Solftices, the more it partakes. of the 
Phenomena relating to them. 


339, Thus 
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PLATEXI. 


Various pofi- 
tions of the 
Farth’s Axis, 
as feen from 
the Sun at 
different times 
of the year. 


How thefe 
pofitions af- 
fect folar 
Eclipfes. 


Fig. IV. 



































239. Thus it appears, that from the vernal equinox to the autumnal, 
the North Pole is enlightened; and the Equator and all its parallels 
appear Semi-ellipfes as feen from the Sun, more or lefs curved as the 
time is nearer to or farther from the Summer Solftice; and bending 
downwards or towards the South Pole; the reverfe of which happens 
from the autumnal Equinox to the vernal. A little confideration 
will be fufficient to convince the reader, that the Earth’s Axis inclines 
towards the Sun at the Summer Solftice; from the Sun at the Winter 
Solftice; and fidewife to the Sun at the Equinoxes; but towards the 
tight hand, as feen from the Sun at the vernal Equinox; and towards 
the left hand at the autumnal. From the Winter to the Summer 
Solftice, the Earth’s Axis inclines more or lefs to the right hand; as 
feen from the Sun; and the contrary from the Summer to the Winter 
Solftice. 

340. The different pofitions of the Earth’s Axis, as feen from the 
Sun at different times of the year, affect folar Eclipfes greatly with re- 
gard to particular places; yea fo far as would make central Eclipfes 
which fall at one time of the year invifible if they fell at another, even 
though the Moon fhould always change in the Nodes and at the fame 
hour of the day: of which indefinitely various affections, we fhall only 
give Examples for the times of the Equinoxes and Solftices. 

In the fame Diagram, let FG be part of the Ecliptic, and IK 
tk 1k 1k part of the Moon’s Orbit ; both feen edgewife, and therefore 
projected .into right lines; and let the interfections NV, O, D, E be 
one and the fame Node at the above times, when the Earth has the 
forementioned different pofitions; and let the fpaces included by the 
Circles P, p, p, p be the Penumbra at thefe times, as its center is 
pafling over the center of the Earth’s Difc. At the Winter Solftice, 
when the Earth’s Axis has the pofition NINVS, the center of the Pe- 
numbra P touches the Tropic of Capricorn ¢ in N at the middle 
of the general Eclipfe; but no part of the Penumbra touches the 
Tropic of Cancer J. At the Summer Solftice, when the Earth’s Axis 
has the pofition NDS (2D& being then part of the Moon’s Orbit 
whofe Node is at D) the Penumbra pf has its center on the Tropic 
of Cancer J at the middle of the general Eclipfe, and then no part 
of it touches the Tropic of Capricorn ¢. At the autumnal Equinox 
the Earth’s Axis has the pofition NOS (zO% being then part of the 
Moon’s Orbit) and the Penumbra equally includes part of both Tro- 
pics J and ¢ at the middle of the general Eclipfe: at the vernal Equi- 
nox it does the fame, becaufe the Earth’s Axis has the pofition WES : 


But, in the former of thefe two laft cafes, the Penumbra enters the 
Earth 






































Earth at 4, north of the Tropic of Cancer J, and leaves it at w, 
fouth of the Tropic of Capricorn’; having gone aver the Earth obliquely 
fouthward, as its center defcribed the line 4Om: whereas in the latter 

cafe the Penumbra touches the Earth at », fouth of the Equator 

452, and defcribing the line Eq (fimilar to the former liné 4Om in 

open fpace) goes obliquely northward over the Earth, and leaves it at 

q; north of the Equator. 

In all thefe circumftances, the Moon has been fuppofed to change 
at noon in her defcending Node: had fhe changed in her afcending 
Node, the Phenomena would have been as various the contrary way, 
with refpe¢ct to the Penumbra’s going northward or fouthward over the 
Earth. But becaufe the Moon changes at all hours; as often in one 
Node as the other, and at all diftances from them both at different 
times as it happens, the variety of the Phafes of Eclipfes are almoft 
innumerable, even at the fame places, confidering alfo how varioutly 
the fame places are fituated on the enlightened Difc of the Earth, with 
refpect to the Penumbra’s motion, at the different hours that Eclipfes 
happen. 

341. When the Moon changes 17 degrees fhort of her defcending How much of 
Node, the Penumbra P 18 juft touches the northern part of the Earth’s the Penumbra 
Difc, near the North Pole N; and, as feen from that place the Moon jue ne 
appears to touch the Sun, but hides no part of him from fight, ferent di- 
Had the Change been as far fhort of the afcending Node, the ne pis 
Penumbra would have touched the fouthern part of the Difc near 
the South Pole S. When the Moon changes 12 degrees fhort of 
the defcending Node, more than a third part of the Penumbra Pi2 
falls on the northern parts of the Earth at the middle of the general 
Eclipfe: had fhe changed as far paft the fame Node, as much of 
the other fide of the Penumbra about P would have fallen on the 
fouthern part of the Earth; all the reft in the expanfum, or open 
fpace. When the Moon changes 6 degrees from the Node, almott 
the whole Penumbra P6 falls on the Earth at the middle of the 
general Eclipfe. And laftly, when the Moon changes in the Node, 
the Penumbra PWN takes the longeft courfe poffible on the Earth’s 
Difc; its center falling on the middle thereof, at the middle of the 
general Eclipfe. The farther the Moon changes from either Node 
within 17 degrees of it, the fhorter 1s the Penumbra’s continuance on 
the Earth, becaufe it goes over a lefs portion of the Difc, as is evident 
by the Figure. 

342. The nearer that the Penumbra’s center is to the Equator at 


the middle of the general Eclipfe, the longer is the duration of the 
Eclipfe 








186 Of Eclipfes, 


The Earth’s Eclipfe at all. thofe places where it is central; becaufe, the nearer 
diumal mo- that any place is to the Equator, the greater is the Circle it defcribes 
eT: by the Earth’s motion on its Axis: and fo, the place moving quicker 
folar Eclipfes, keeps longer in the Penumbra whofe motion is the fame way with that 
caine of the place, tho’ fafter as has been already mentioned § 337. Thus, 
polar Circles. (fee the Earth at D and. the Penumbra at 12) whilft the point 6 in 
the polar Circle abcd is carried from 4 to c by the Earth’s diurnal 
motion, the point d on the Tropick of Cancer ¥ is carried a much 
greater length from dto D: and therefore, if the Penumbra’s center 
goes one time over ¢ and another time over D, the Penumbra will be 
longer in pafling over the moving place d than it was in pafling over the 
moving place 4. Confequently, central Eclipfes about the Poles are of 
the fhorteft duration; and about the Equator of the longeft. 
And fhortens 343. In the middle of Summer the whole frigid Zone included 
Se aie by the polar Circle aécd is enlightened; and if it then happens. that 
fall within the Penumbra’s center goes over the north Pole, the Sun will be 
thefe Circles. eclipfed much the fame number of Digits at a as atc; but whilft the 
Penumbra moves eaftward over ¢ it moves weftward over a, becaufe 
with refpect to the Penumbra, the motions of @ and c are contrary : 
for c moves the fame way with the Penumbra towards d, but @ 
moves the contrary way towards 4; and therefore the Eclipfe will be: 
of longer duration at c than at az. Ata the Eclipfe begins on the Sun’s 
eaftern limb, but at c on his weftern : at all places lying without the 
polar Circles, the Sun's Eclipfes begin on his weftern limb, or near 
it, and end on or near his eaftern. At thofe places where the Penumbra 
touches the Earth, the Eclipfe begins with the rifing Sun, on the top 
of his weftern or uppermoft edge; and at thofe places where the Pe- 
numbra leaves the Earth, the Eclipfe ends with the fetting Sun, on the 
top of his eaftern edge which is then the uppermott, juft at its difap-. 
pearing in the Horizon. 
te Moon 344. If the Moon were furrounded by an Atmofphere of any con- 
—. fiderable Denfity, it would feem to touch the Sun a little before the 
Moon made her appulfe to his edge, and we fhould fee a little faint- 
nefs on that edge before it were eclipfed by the Moon: But as no fuch 
faintnefs has been obferved, at leaft fo far as I ever heard, it feems 
plain, that the Moon has no fuch Atmofphere as that of the Earth. 
The faint ring of light furrounding the Sun in total Eclipfes, called by 
Cassini /a Chevelure du Soleil, {eems to be the Atmofphere of the 


Sun; becaufe it has been obferved to move equally with the Sun, not 
with the Moon. 


345. Having 
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345. Having been fo prolix concerning Eclipfés of the Sun, we PLATEXL 
fhall drop that fubje& at prefent, and proceed to the doétrine 
of lunar Eclipfes ; which, being more fimple, may be explained in lefs 
time. 

That the Moon can never be eclipfed but at'the time of her being Eclipfes of 
Full, and the reafon why fhe is not eclipfed at every Full, have been ‘* Moon. 
fhewn already § 316, 317. Let S be the Sun, E the Earth, RR the 
Earth’s fhadow, and B the Moon in oppofition to the Sun: in this Fig. JL. 
fituation the Earth intercepts the Sun’s light in its way to the Moon; 
and when the Moon touches the Earth’s fhadow at v fhe begins to be 
eclipfed on her eaftern limb x, and continues eclipfed until her weftern 
limb y leaves the fthadow at w: at B the is in the middle of the 
fhadow, and confequently in the middle of the Eclipfe. 

346. The Moon when totally eclipfed, is not'invifible if the be 
above the Horizon and the Sky be clear; but appears generally of a 
dufky colour like tarnithed copper, which fome haye thought to be Why the — 
the Moon’s native light. But the true caufe of her being vifible is the M° stds) 
{cattered beams of the Sun, bent into the Earth’s fhadow by going Eclipfe. 
through the Atmofphere; which, being more denfe near the Earth 
than at.confiderable heights above it, refraéts or bends the Sun’s rays 
more inward § 179, the nearer they are paffing by the Earth’s furface, 
than thofe rays which go through higher parts of the Atmofphere, 
where it is lefs denfe according to its height, until it be fo thin or 
rare as to lofe its refractive power. Let the Circle fghi, concentric to 
the Earth, include the Atmofphere whofe refractive power vanithes at 
the heights f and 7; fo that the rays Wfw and Viv go on ftraight 
without fuftering the leaftrefra@tion : But all thofe rays which enter the 
Atmofphere between fand 4, and between 7 and /, on oppofite fides 
of the Earth, are gradually more bent inward as they go through a 
greater portion of the Atmofphere, until the rays Vkand V/, touching the 
Earth at m and z, are bent fo as to meet at g, 2 little fhort of the Moon; 
and therefore the dark fhadow of the Earth is contained in the {pace 
mogpn where none of the Sun’s rays can enter: all the reft RR, being 
mixed by the fcattered rays which are refra@ed as above, is in fome 
meafure enlightened by them; and fome of thofe rays falling on the 
Moon give her the colour of tarnifhed copper, or of iron almoft red 
hot. So that if the Earth had no Atmofphere, ‘the Moon would be 
as invifible in total Eclipfes as fhe is when New. If the Moon were 
fo, near the Earth as to go into its dark fhadow, fuppofe about: ps, 

{he would be invifible during her {tay init; but.vifible before and after 
in the fainter fhadow RR. 
Bbe 347. When 
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LATEXI. 247. When the Moon goes through the center of the Earth’s thadow 
PLATES pare, 8 8 
Why the Sun fhe is directly oppofite to the Sun: ‘yet’ the Moon has been often feen 
and Moon are 5 Meet é , ; 4 
fometimes vi. totally eclipfed in the Horizon when’ the Sun was alfo vifible in the 
fible when the oppofite part of it: for, the horizontal refraction being almoft 24 
rane j, Minutes of a degree § 181, and the diameter of the Sun and Moon 
"being each at a mean ftate ‘but 32 minutes, the refraction’ caufes 


both Luminaries to appear above the Horizon when they are really 


below it § 179. ok. 
Fig. V. 343. When the Moon is Full at 12 degrees from either’ of ‘her 


Nodes, fhe juft touches the Earth’s fhadow but enters not: into’ it. 
Let GH be the Ecliptic, ef the Moon’s Orbit where fhe is 12 degrees 
from the Node at her Full; cd her Orbit where the is 6 degrees 
from the Node, a her Orbit where fhe is Full in the Node, 4B the 

Duration of Earth’s fhadow, and M the Moon. When the Moon defcribes the line 

Euliptes or of fhe juft touches the fhadow but does not enter into it; when fhe 

the Moon. _ defcribes the line cd fhe is totally though not centrally immerfed in the 
fhadow; and when fhe defcribes the line ad the paffes by the Node at 
M in the center of the fhadow, and takes the longeft line poffible, which 
is a diameter, through it: and fuch an Eclipfe being both total and cen- 
tral is of the longeft duration, namely, 3 hours 57 minutes 6 feconds 
from the beginning to the end, if the Moon be at her greateft diftancé 
from the Earth: and 3 hours 37 minutes 26 feconds, if fhe beat her 
leaft diftance. ‘The reafon of this difference is, that when the Moon 
is fartheft-from the Earth fhe moves floweft; and when neareft to it, 
quickeft, 

Digits. 349. The Moon’s diameter, as well as the Sun’s, is uppofed to be 
divided into twelve equal parts called Digits; and fo many of thefé 
parts as are darkened by the Earth’s fhadow, fo many Digits is the 
Moon eclipfed. All that the Moon is eclipfed above 12 Digits, ‘thew 
how far the fhadow of the Earth is over the body of the Moon) on 
that edge to which fhe is neareft at the middle Of the Eclipfe. 

Why thebe- 3.90. It is difficult to obferve exactly either the beginning or ending 

gins ae of a lunar Eclipfe, even with a good Telefcope'; becaufe the ‘Earth’s 

Eclipfe is f f{hadow is fo faint, and ill defined about the edges, that when the Moon 

dificult to be js either juft touching or leaving it, the obfcuration of her limb is 

pevabe f{carce fenfible; and therefore the niceft obfervers can hardly be certain 
to four or five feconds of time. But both the beginning and ending 
of folar Eclipfes are vifibly inftantaneous; for the moment that the 
edge of the Moon’s Dife touches the Sun’s, his roundnefs feems a little 
broke on that part; and the moment {he leaves it he appears perfectly: 
round again. 


2 351. In 
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351. In Aftronomy, Eclipfes of the Moon are of great ufe for The ufe of 

afcertaining the periods of her motions; efpecially fuch Eclipfes as ee ‘ 
are obferved to be alike in all circumftances, and have long intervals of Geography, 
time between them. In Geography, the Longitudes of places are ie Chrono- 
found by Eclipfes, as already fhewn in the eleventh chapter: but for hi 
this purpofe Eclipfes of the Moon are more ufeful than thofe of the 
Sun, becaufe they are more frequently vifible, and the fame lunar 
Eclipfe is of equal largenefs and duration at all places where it is feen. 
In Chronology, both folar and lunar Eclipfes ferve to determine ex- 
actly the time of any paft event: for there are fo many particulars 
obfervable in every Eclipfe, with refpect to its quantity, the places 
where it is vifible (if of the Sun) and the time of the day or night, 
that ’tis impoffible there can be two Eclipfes in the courfe of many 
ages which are alike in all circumftances. 

352. From the above explanation of the doétrine of Eclipfes it is The darknefs 
evident, that the darknefs at our Savrour’s crucifixion was fuper- eo ee ak 
natural. For he faffered on the next day after eating his laft Paflover- fxion faper- 

Supper, on which day it was impoflible that the Moon’s fhadow éanid “ateral: 
fall on the Earth, for the Jews kept the Paffover at the time of 
Full. Moon: nor does the darknefs in total Eclipfes of the Sun 
laft four minutes in any place § 333, whereas the darknefs at the 
crucifixion lafted three hours, Matt. xxviii. 15. and overfpread at leaft 


all the land of Sudea. 


Ce Ee AIP ae CLEA, 
1 BR eiAafoc Th 


The Calculation of New and Full Moons and Eclipjes. he 
geometrical Confiruttion of Solar and Lunar Echipfes. 
The examination of antient Eclipfes. 


Ke us O conftru& an Eclipfe of the Sun, we mutt collect thefe 
ten Elements or Requifites from the following Aftronomical 
‘Tables. 

I. The true time of conjunction of the Sun and Moon: to know Requifites fer 
at what conjunctions the Sun muft be eclipfed; and to the times of é og 
thofe conjunctions, ea 

ll. The Moon’s horizontal parallax, or angle which the femi- 
diameter of the Earth fubtends as feen from the Moon. 

IlI. The Sun’s true place, and diftance from the folftitial colure to 


which he is then neareft, either in coming to it or going from ite 
IV. The 





pecteresrrrs 





The Calculation of 


a IV. The Sun’s declination. | 
at V. The angle of the Moon’s vifible path with the Ecliptic. 
Lins VI. The Moon’s Latitude or Declination from the Ecliptic, 
aa | VII. The Moon’s true hourly motion from the Sun. 
ii VIII. The Angle of the Sun’s femi-diameter as feen from the 
it Earth. 
ih IX. The Angle of the Moon’s femi-diameter as feen from the 
Earth. 
’ X. The femi-diameter of the Penumbra. 



























And for an Eclipfe of the Moon, the following Elements. 
Requiites for J. The true time of oppofition of the Sun and Moon; and for that 
Eclipte. time, 
Il. The Moon’s horizontal parallax. 
IlI. The Sun’s femi-diameter. 
IV. The femi-diameter of the Earth’s fhadow. 
5 ae V. The Moon’s femi-diameter. 
VI. The Moon’s Latitude. 
ae! VII. The Moon’s true hourly motion from the Sun. 
VIII. The Angle of the Moon’s vifible path with the Ecliptic. 


Thefe Elements are eafily found from the following Tables and 
Precepts, by the common Rules of Arithmetic. 


Note, 60 minutes make.a Degree, 30 degrees a Sign, and 12 Signs 
a Circle. A Sign is marked thus’, a Degree thus®, and a Minute 
thus’. 

When you exceed 12 Signs, always reject them and fet down the 
remainder. When the number of Signs to be fubtraéted is greater 
than the number you fubtraét from, add 12 Signs to that which you 
fubtract from ; and then you will have a remainder to fet down, 

How the 354. As we fix arbitrarily upon the beginning of the Sign Aries to 
— + reckon from, when we {peak of the places of the Sun, Moon, and 
ecKoned, . : é eke ? 
Nodes; we call Aries o Signs, Laurus 1 Sign, Gemini 2 Signs, Cancer 
. 3 Signs, Sc. So, when the Sun is in the zoth degree . of Aries, 
f i we fay his Place or Longitude is o Signs 10 Degrees, becaufe he is 
aa only 10 Degrees from the beginning of Aries: if he is in the 5th, 
Beet 10th, &c. Degree of Taurus, we fay his Place or Longitude is 1 
Sign, 5, 10, &e. Degrees: and fo on, till he comes quite round 
again. But in reckoning the Anomalies of the Sun and Moon, ‘and 
their diftance from the Nodes, we only confider the number, of Signs 


and 
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and Degrees the Luminaries are gone paft their Apogee or Nodes ; 
not how far they have to go to thefe points, were the diftance ever fo 
little. The Sun, Moon, and Apogee move according to the order of 
Signs, but the Nodes contrary. We fhall now give the Precepts and 
Examples for the above Requifites in their due order. 


To calculate the time of New and Full Moon. Firft Element 


or Requifite. 


355. Precept I. For any propofed year in the 18th Century, take 
out the mean time of the New Moon in March from Table I, and 
the mean time of Full Moon from Table Il, for the O/d Stile; or 
from Tables II and IV for New Stile; with the mean Anomalies of 
the Sun and Moon for thefe times, and fet them by themfelves. Then, 
from Table VI, take out as many Lunations as the propofed Month is 
after March, with the days, hours, and minutes belonging to them; 
and alfo the mean Anomalies of the Sun and Moon for thefe Luna- 
tions. 

II. Add the days, hours, and minutes of thefe Lunations to the 
time of New or Full Moon in March, and the Anomalies for the Lu- 
nations to the Anomalies for March: the fums give the hours and 
minutes of the mean New or Full Moon required, and the mean Ano- 
malies of the Sun and Moon for that time. 

II. Then, with the number of days enter Table VIJ, under the 
given Month, and right againft this number, in the left hand column 
you have the day of New or Full Moon; which fet before the hours 
and minutes above-mentioned. 

IV. But, (as it will fometimes happen) if the number of days 
fall fhort of all thofe under the given Month, add one Lunation with 
its Anomalies from Table VI to the forefaid fums; fo you will have 
a new fum of days wherewith to enter the 7th Table under the given 
Month, where you are fure to find that fum the fecond time, if the 
farft falls fhort. 

V. With the Signs and Degrees of the Sun’s Anomaly enter Table 
VII, The Moon’s annual Equation, and take out the minutes of time 
ef that Equation by the Anomaly; remembring, that if the Signs are 
at the head of the Table, the degrees are at the left hand, in which 
cafe the Equation found in the Angle of meeting muft be fubtracted 
from the mean time of New or Full Moon, as the title Subtraé, at the 
head of the Table directs: but if the Signs are at the foot of the 
Table their degrees are in the right-hand column, and the Equation 
where the Signs and Degrees meet in the Table is to be added bs 
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the mean time, as the title dd, at the foot of the Table directs ; 
which Equation, fo applied, gives the mean time of New or Full Moon 
corrected. 

VI. With the Signs and Degrees of the Sun's Anomaly enter 
Table IX, Equation of the Moon’s mean Anomaly, and take out the Equation 
thereof ; adding it to the mean Anomaly or fubtracting it therefrom, as 
the titles at the head or foot of the Table direct; and it gives the 
mean Anomaly correéted. Then, with the Sun's Anomaly enter 
Table XII, Equation of the Sun's mean Place, and take out that Equa- 
tion, applying it to the Moon’s corrected Anomaly as the titles direct ; 
and it will give the Moon’s Anomaly equated *. N.B. In all thefe 
Equations, care muft be taken to make proper allowance for the odd 
minutes of Anomaly; the Tables having the Equations only for com- 
pleat Degrees. 

VII. With the Moon’s. equated Anomaly enter Table X, The 
Moon's elliptic Equation, and take out that Equation in the fame 
manner as the preceding: adding it to the former corrected time 
if the Signs be at the head of the Table, or fubtracting it if they 
be at the foot, as the Table directs ; and this gives the mean time 
equated. 

VIII. Laftly, enter Table XI, The Sun’s Equation at New and 
Full Moon, with the Sun’s Anomaly, and take out the Sun’s Equa- 
tion in the fame manner as the others ; adding it to, or fubtra@t- 
ing it from the former equated time, as the titles direct: and by 
this laft Equation you have the true time of New or Full Moon, 
agreeing with well regulated Clocks and Watches. But to make it 
agree with true Sun-Dials, the Equation of time muft be applied 
as taught § 225. 


* This is the fame with the annual Argument of the Moon. 


EXAMPLE 





































LVew and Full Moon. 


B XA MP. Lob wl. 
To find the time of New Moon in April 1764, N. 8. 





Tab. IL Mean time of New Moon in March 
Add, for one Lunation, from Tab. VI. 








mew ee 


Mean New Moon and Anomaly —————_——______ 
‘To which Time add the Moon’s Ann. Equ. Tab. VII. 


And it gives the Mean time correéted 
From which fubtraét the Moon’s elliptic Equ. Tab. X. 








And it gives the Mean time equated ———___.___ 
To which add the Sun’s Equation, Tab, XI. —— 


And it gives fe true time of Conjunction 
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Ohck -20]4r povizt 
i.qu. Moon’s Anom. — 20 
Anom. cor. 11. 9 TF 
Sun’s Equat. + 1 56 
Moon’s Ano, 11 10 57 








Moon’sann. Equ.o 22 add 


Her ellipt. Equ. 3 10 fub. 


31 22 2574Sun’s Equation 3 32 add 





Which true time anfwers to the firft of 4pri/, at 25 minutes paft 10 in the forenoon: for, as 
the Aftronomical Day begins at Noon, then 22 hours 25 min. after the Noon of March 31, 


dis April 1, at 10 hours 25 min. in the Forenoon. 





EAAMPL 


E. (il. 


To find the time of Full Moon in May 1761. N.S. 








Mean time of Full Moon in March 
Add, for two Lunations 





ee 


The feveral fums are —————---———_- 
The days, in Tab,VII, anfwer to May 18 
Moon’s annual Equation add —————- 


ee St 








Mean time corrected 
Moon’s elliptic Equation ub. —————— 


Mean time equated —————--_-~- 
Sun’s Equation add 


ee 








True time of Oppofition, May 
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Equ. Moon’s Anom, — 





Sun’s Equat. -+- 1 
Moon’s Ano. 190 23 «5 


h. m. 
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$ ° y) s ° 1 4 
S20 SEO o8reas 
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Anom. cors: 10) 22 38 
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18 10 32]Sun’s Equation 2 19 add | 


Namely, the r8th day, at 32 minutes paft 10 at night. 








The Leap-years are allowed for in the Tables, fo as to give no 


Trouble in thefe Calculations. 
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To compute the time of New and Full Moon in a given year ana month, of 
any particular Century, between the Chrifttan ZEra* and 18th Century. 


Precept J. Find the like year of the 18th Century in Table I, for 
New Moon, or Table III, for Full Moon; and take out the New or 
Full Moon in March for that year, with the Anomalies of the Sun and 
Moon. 

I]. Frorn Table V, take as many compleat Centuries, as when fub- 
tracted from the above year of the 18th Century, will anfwer to the 
given year; and take out the Conjun@tiions and Anomalies of thefe 
Centuries. 

Tit. Subtract the Conjun@tions and Anomalies of thefe Centuries from 
thofe of the New or Full Moon in March above taken out, and the 
remainders will thew the mean time of New or Full Moon in March 
the given year, with the Anomalies of the Sun and Moon at that 
time. Then, work in all refpeéts for the true time of the propofed 
New or Full Moon, as taught by the Precepts already given § B96. 


EXAMPLE. I. 
To jind the time of New Moon in July 1581, O. 8S. 
From 1781 fubtraét 200 years, and there remains 3 581. 

















2 Sun’s Anom.|Moon’s Ano. 
= 


s ° ‘ s ° / 











Table I. Mean time of New Moon in March 1781| 13 7 52] 8 23 371 0 o 53 
Tab. V. Conj. and Anom. for 200 years fubtra&t —| 8 16 22/0 6 42| 5 o 4A 








Remain the Conj. and Anom. for March 1581 4.15 30) .3 iG. en] ae One ad 
Tab, Vi. Add, for five Lunations, to bring it to Fuly}147 15 40] 4 26° 3er eo og) = Gg 




















es, 
ar MT mrErsawennen FELT MP 
The Days in Tab. VII. anfwer to Fuly 30th —| 30 7 10}/Equ. Moon’s Anom. + 13 
4 ¢ - ee eee) 





The fums are 




















Sum of the three Equations fubtract we — 7 9g|Anom.cor, 11 9 27 

Sun’s Equat. —— PG 
r ° ~ ee E, f RE me 
Prue time of Conjun@ion,. Fuly “rT 30... 0... Fi MeeaeAndsaes ielcee 


+Which is the 30th day, at one minute paft noon, as Moon’s ann.Eq, ob 14™{ub, 
fhewn by well regulated Clocks or Watches. Her ellipt. Equ. 3 35 fub. 
Sun’s Equation 3 20 fub. 

‘ Sum 7 9g fub. | 

* When the Romans divided the Empire, which was about 38 years before Curis, 
Spain fell to dugu/tus’s {hare : in memory of which, the Spaniards dated all their memor- 
able events ab exordio Regni Augufti; as Chriftians do from the birth of our SAVIOUR. 
But in procefs of time, only the initial letters AER of thefe words were ufed inftead of 
the words themfelves. And thus, according to fome, came the word # RA, which is 
made ule of to fignify a point of time from whence hiftorians begin to reckon. 


2 EXAMPLE 









































Lew and Full Moon. 


EXAMPLE II. 


To find the time of Full Moon in April A. D. 30, O. S. 


From 1730 fubtract 1700, and there remains 30. 











Sun’s Anom.|Moon’s Auo 


| es 








s ° ‘ 8 ° / 

















Tab, III. Mean time of Full Moon in Mared 1740 
Tab. V. Conj. and Anom. for 1700 years fubtraé 











22 6 S819 2 40| 3 13 23 


14 17 37/11 28 46)10 29-36 


| ee 











Rem, the Oppofition and Anom. in March A.D. 30 


C ! farce 4 Furia®h 4211 9 35414-1347 
Tab.V. Add, for one Lunation, to bring it into “pri/ 61 0 


29 12° 441 0 26 























The fums are —————-—_—___ ______________ | 37 2 5j19 3 ol 5 9 3¢ 
The Days in Tab. VII. anfwer to April 6 tuk 2 5 |Equ. Moon’s Anom. — 17 
To which add the fum of the three Equations 6- I/Anom.cor. “5 9 19 





Sun’s Equat. 11a 
apy Sun’s Equat ike gt 3 


True time of Oppofition Apri? A. D. 30 by. & Moon’s Ano.” 6 10 ow 





Which is the 6th day, at 6 minutes paft 8 in the 
Evening. And thus, the time of New or Full Her ellipt. Equ. 2 46 add 
Moon may be found for any given year and month ae Equat: : — ate 
after the Chriftian Aéra. as he 

Sum’ 6 1 


Moen’s ann.Egq. 08 l8™ add 











N. B. Sometimes it happens that the days annexed to the Centuries 
in Table V are more in number than the days on which the New or 
Full Moon happens in March the year of the 18th Century, with 
which the computation begins; as-in the third following Example, 
viz. for the Full Moon in Merch the year before CurisT 72!: in 
which cafe, a Lunation and it’s Anomalies muft be added, from Tabe 
VI, to the days and Anomalies of the New or Full Moon in March; 
and then, fubtra€tion can be made: and having gained a remainder, 


work in all refpects as taught in § 355. 


To find the time of New or Full Moon in any given year and month before 
the Chriftian Aira. 


356. Precept I. Find a year of the 18th Century, which added to 


the given number of years before CuristT, diminifhed by one, {hall 
make a number of whole Centuries. 


Cc II, Find 
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ae | II. Find this number of Centuries in Table V, and fubtra@ the 
cae Time and Anomalies anfwering to it from the Time and Anomalies 
ey an{wering to the mean New or Full Moon in March the year of the 18th 
a Century thus found; and they will give the mean time of New or Full 
haat | Moon in March the given year before CurisT,. with the Anomalies 

lat anfwering thereto. Whence the true time of that New or Full Moon 
ue 4 may be had by the Precepts already delivered § 355. 


a | Il]. The Tables are calculated for the Meridian of London: there- 
i fore, in computing for any place weftward of London, four minutes of - 
time muft be fubtracted from the time fhewn by the Tables, for every 

degree the place is weftward; and added for every degree it is eaft- 
I ward. See § 210. 


Ex AMP Ba. 


Zo find the time of New Moon at London and Athens zn March, 
the year before Chrift 424. 


The years 423 added to 1777 make 2200, or 22 Centuries. 





Sun’s Anom.|Moon’s Ano. | 

























Tab. I. Mean New Moon in March A. D. 1777 — 
} From which fubtra& 2200 years in Tab.V. 





ade | 
ark 
a 
Equ. Moon’s Anom. — 19 
Anom. cor, I 4 55 
Sun’s Equat + 1 48 
Moon’s Ano. 1 6 43} 
Moon’sann. Eq. ohzo™add 
Her ellipt. Equ. 5 43 add 
Sun’s Equation 3 17° add’ 
Total g 20 add 


Ete 
11 16 26) 4 2 











Mean Conj. and Anom. in March before Chr. 424 
Which with, the total of the three Equations added 









Gives the true time of Conjunction 






Which was the 21ft day of March, at 25 minutes 
paft 7 in the morning at London: and if 1 hour 
35 minutes be added for Arhens, which is 23° 52/ 
eaft of the meridian of London, we have the time at 
Athens ; namely, 1 minute paft gin the morning. 










EXAMPLE 

















New and Full Moon. 


. EXAMPLE, U. 
To find the time of Full Moon in O&tober, the year before Chrift 4030. 
The years 1771 added to 4029 make 5800, or 58 Centuries. 
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Tab. III. From the mean Full Moon in March1771} 19 7 11] 8 29 6| 7 22 30f 

















é | 6 f 
Tab. V. Subtr. the numbers for 5800 years § she Ee HERPES Saad Pgh set 
800] st 4 ee TRE | Oy ey 

















Sun’s Anom. |Moon’s x 


















































Which collected make - - I5 12 39/10 21 39] 7 24 435 

Rem. the mean Full Moon &c. March before Chr. 4030 2. °ER seq On ig 2g EET 2 irae 

To which add eight Lunations to carry it to Odtober|236 5 52] 7 22 50 Griz ae 

. ete ies 

And the feveral fums will be —-——— ——=|240 © 24) 6, 70 17 | 6-24 ToT 

Which, for Full Moon day, Tab.VII, is Ofober 26°19 2th £0424 h. m. 

| Moon’s ellipt. Equation fubtr.there being none befides | 3. 28 Moon’s Ann. Eq. o oadd 
Moon’s ellipt.Eq. 3 28 fub. 











Rem. the true time of Full Moon, Ododer 2c20 750 Sun’s Equation 0 o add} 


Which is the 26th day, at 8 hours 56 minutes in thee tea A ctal | patab, 
forenoon. 
By the method prefcribed § 248 it will be found, that the Autumnal 
Equinox in the year before CHRIST 4030,. fell on the 26th of O€fober ; 
as this Example fhews the Full Moon to have been on the fame day = 
and by working as hereafter taught, it will appear that the Dominical 
Letter was then G, which fhews the 26th of that Oétober to have been on 
a Friday; namely our fixth day of the week, but the Ante-Mofaie fifth 
day. And as, according to Genefis, chap. 1. ver. 14. the Sun and 
Moon were created on the fourth day of the week, thofe who are of Age of the 
opinion that the world was made at the time of the Autumnal Equinox, ¥° ti 
and that the Moon at her firft appearance was in full luftre, oppotite 
to the Sun, or nearly fo, may perhaps look upon this as a Criterion 
for afcertaining the year of the creation; fince it fhews the Moon to 
have been Full the next day after fhe was made: and this is only g 
ears fooner than Rheznbalt makes it, and 11 years later than according 
to Lange. Whereas, they who maintain that the world was created 
in the 4007th year before CurisT, with the Sun on the Autumnal! 
Equinoctial Point, Odober 26, and the Moon then Full; will find, if 
they compute by the beft Tables extant, that the Moon was New, 
inftead of being Full, on that day. 
* When the Sun’s Anomaly is 0 figns 0 degrees, or 6-figns. o degrees, neither the 
Sun nor the Moon’s Anomaly have any Equation ;, which is the cafe in. this Examp! 
k 
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If it could be proved from the writings of Mo/fes that the Sun was 
«reated on the point of the Autumnal Equinox, and the Moon in 
oppofition ; as well as it can be proved that thefe Luminaries were made 
(or according to fome, did not fhine out till) on the fourth day of the 
creation-week, there would be Data enough for aicertaining the age 
of the world: for fuppofing the Moon to have been Full on an Equi- 
noctial Day, which was the fourth day of the week, it would require 
many thoufands of years to bring thefe three charaCters together again. 
For, the fooneft in which the Moon -returns to be New or Full on 
the fame days of the Months as before, is 19 ycars wanting an hour 
and half, but then the days of the week return not to the fame days of 
the months in lefs than 28 years, in which time the Moon has gone 
through one Courfe of Lunations, and 9 years over ; therefore a co- 
incidence of the Full Moon and day of the Week and Month cannot 
happen in that time, and if we multiply 19 by 28, which is the neareft 
co-tncidence of thefe three charaéters, namely 532 years; the Moon’s 
falling back an hour and half every 19 years will amount to 42 hours 
in fo many years; and the Equinox will have anticipated five days. 
From all which we may venture to fay, that 200000 years would not 
be fufficient to bring all thefe circumftances together again. 

EXAMPLE HE 

To find the time of Full Moon at Babylon zz March, the year before 

Chrift 721. | 


The years 720 added to 1780 make 2500, or 25 Centuries, 








Sun’s Anom.| Moon’s Ano. 


a 











8 ° t s ° , 


8 19 48] 7 8 “Fo 
Oo 29 6G} 0 25. 49 
18 8 5 
ie 26 i 6 é af 
9 22 25| 1 27 46 
Equ. Moon’s Anom. — 18 
Anom. cor. it 2a ae 
Sun’s Equat. -— 1 497 
Moon's Anam. x 3813 
Moon’s ann.Eq. obzo™add 
Her ellipt. Equ. 8 1 add 
Sun’s Equation 3 15 add 
Sum 11 36 add 
_* See the Remark, p. 195. + Babylon is 42 deg. 46 min. eaft from the Meri- 
dian of London, which is equal to 2 hours 51 min. of time nearly. See § 220. 


E59." £0 








Tab. I. To the mean F. Moon and. Anom. in Mar.1 780 
Add one Lunation and it’s Anomalies from T'ab. VI *. 








Lhefeverah fums,ares}+——-~ 
Fr, which fubt, the Days &Anom. of 2500 years, Tab.V 











==, 





‘Rem. the mean time and Anom.é6f F.M. in Mar.8.C. 721 
Io which add the fum of the three Equations 





And it gives the true time of Full Moon, Mar. &. C.721 


Which was the 19th day, at 41 minutes paft 6 in 
the evening, at London; to which time, if + 2 hours 
51 minutes be’ added, we fhall have the time at 
Babylon, namely, 9 hours 51 minutes, 
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357. To know whether the Sun will be eclipfed or no, at the 
time of any given New Moon; collect the Sun’s diftance from the 
Node at that time, and if it be lefs than 17 degrees he will be eclipfed, 
otherwife not. 


ee. NL oy 
For the time of New Moon in April 1764. 


Sun from Node 


$ 


Table HW, mean New Moon in March 1764, New Stile, 11 4 57 
Table VI, add. for 1 Lunation to catry it-totpril, 6 1.+.0.- 49 


Sun’s diftance from the Node at New Moon in pl Mees Tees 


Which, being within the above limit, the Sun muft be eclipfed: and 
therefore, we proceed to find the reft of the Elements for computing 
this Eclipfe. 


To find the Moon's Horizontal Parallax, or the Angle of the Earth’s femi- Second Ele- 


diameter as feen from the Moon. sei 


358. PrecepT. Having found the Moon’s mean Anomaly for the 
above time, by the firft and fecond Precepts of § 355, enter the XIVth 
Table with the figns and degrees of that Anomaly, and thereby take 
out the Moon’s Horizontal Parallax: only note, that this is given but 
to every 6th degree of Anomaly in the Table, becaufe it is very eafy 
to make proper allowance by fight. So the Moon’s Horizontal Parallax 
April the 1ft 1764, at 10 hours 25 minutes in the Forenoon, an- 
fwering to her mean Anomaly at that time (namely 11° 9° 21’) is 
55 7; which, diminifhed by 10%, the Sun’s conftant Horizontal 
Parallax, gives for the femi-diameter of the Earth’s Dife 54° 57”. 


To find the Sun’s true Place, and bis diftance from the neareft Solftice. Third Ele 
ment. 
359. Precept I. We are to confider, that the beginning of Aries 
and of Libra, which are the Equinoétial Points, are equidiftant from the 
beginning of Cancer and of Capricorn, which are the Solftitial Points. 
Hence, when we know in what Sign and Degree the Sun is, we can 
eafily find his diftance from the neareft Solftice. Now, to find the 
Sun’s Place, or Longitude from Aries, 4pri/ the 1ft, 1764, at 10 hours 
21 minutes in the Forenoon; being the equated time’of New Moon. 
PRECEPT 








The Elements or Requifites for 


Precept II. This being to the time of New Moon, take. out the 
Sun’s mean Place and Anomaly from Table II for that time, and the 
Equation of his mean Place from Table XII by his Anomaly; adding 
the Equation to his mean Place or fubtracting it from the fame, as the 
Table directs, will give his true Place. 


EXAMPLE. 


Sun’s Long. | Sun’s mean 
from Aries. | Anomaly. 
















emai 


iTable I. To the Sun’s mean Place and Anomaly at the mean 
time of New Moon in March 1764, N.S. ———— 
Add the fame from Tab. VI. for one Lunation, to carry it to April 


s ° ij 5 ° 1 
11-419 677 19@ melee oe 
0, 29°) 6) oe G 


O 10-13} 9— 1.-29 
I 56 




















Mean Place and Anomaly at the time of New Moon in 4pril — 
|'l'o which place add the Sun’s Equation from Tab. XII. 


— 








Equal 1° 56’ 
0) a2 9]. Additive. 











And it gives the Sun’s true place —————- —___ — 
c 


Which is Aries 12° 9’; and this, when taken from three Signs, or the beginning of Cancer, 
leaves 2 figns 17 deg. 51 min., or 77° 51’ for the Sun’s diftance from the then neareit 
Solflice. 


ee 


360. But becaufe the Sun’s true Place is often wanted when the 
Moon is neither New nor Full, we fhall next fhew how it may be 
found for any given moment of time: though this be digrefling from 
our prefent purpofe. ’ 


In Table XVI find the neareft lefler year to that in which the Sun’s 
Place is fought, and take out the Sun’s mean Longitude and Ano- 
maly anfwering thereto; to which add his mean motion and Anomal 
for the compleat refidue of the years, with the month, day, hour, 
and minute, all taken from the fame Table, and you have the Sun’s 
mean Longitude and Anomaly for the given time. Then, from 
Table XII take out the Sun’s Equation by means of his Anomal 
(making proportions for the odd minutes of Anomaly) which Equa- 
tion being added to or fubtracted from the Sun’s mean Longitude 
from Aries, as the titles in the Table direct, gives his true Place, or 
Longitude from the beginning of Aries, reckoned according to the 
order of the Signs § 354. 


EXAMPLE 
























the Calculation of Solar Echipfes. 


EXAMPLE. 
Jo find the Sun’s true Place April 30th, A.D. 1757, at 18 minutes 
49 feconds pat 10 in the morning. 








































Sun’s Long | Sun’s Atéens 














; The year next lefs than 1757 in the Table is 1753, at the begin- |, , 
ning of which, the Sun’s mean Longitude from the beginning 
of Aries, and his mean Anomaly, is —-_—_—----_—__——-|g 10 16 52] 6 1 38 


ys fF s ° / 






























To which add his mean Mot. and Anom. for fouryearsto make1757|0 © 1 49f1F 29 58 
April - 2028-4220] 2".28 42 
days 29 -(0 28.35.21] 0 28 35 
And likewife his mean Mot. and Anom. for< hours 22 -——— ean. Sie | Oo 54 
min. 18 ———- O 44 I 
fer. 49 ———— 2 fo) 














Sun’s mean Longitude and Anomaly for the given time is ————]1 8 31 12] 9 29 48 
To which add the Equation of the Sun’s mean Place ————— I 40 14 








Sun’s Eq. 
And it gives his true Place, viz. ¥ Taurus 10° 11/ 267 ——_—— 1 10 11 26] 1° 40/ 14 














N.B. In leap-years after February, the Sun’s mean Motion and Anomaly muft be taken 
out for the day next after the given one. 


61. To calculate the Sun’s true Place for any time ina given year before 
the firft year of CurtstT: fubtract the mean Motions and Anomalies for 
the compleat hundreds next above the given year ; to the remainder add 
‘thofe for the refidue of years, months, Gc. and then work in all refpects 
as above taught. HX AVI EB. 

To find the Sun’s true Place May the 28th at 4 hours 3 min. 42 fec. in 
the afternoon, the year before Chrift 585, which was a Leap year*. 












Sun’s Long. |Sun’s Anom. 
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From the Sun’s mean Longitude and Anomaly at the beginning |— i. 
of the year of Chrift 1 ————_—————| 9 7 53 101 6 29 54 
Subtraét his mean Motion and Anomaly for 600 years Gq 32 COT: 2144 V2 
And the remainder, or radia, is ——_——-———| 9 321 10/7 5-52 
To which add what 585 wants of 600, vix. 15 years ————|II 29 22 27/11 29 7 
| May ————__———--—_——_——] 3 28 16 40] 3 28 17 
| far 28 Biffextile —-———| 0 28 35 2]-0 28 35 
And alfo thofe of < hours 4 ———_-—_-—___——_ 0 951 aes 
nin 3 o——————— oy oN 
fec, 42 i apie Fea A Bae rpt aa 








Sun’s Anom. 


{Sun’s mean Long May 28th, at 4 hour 3 min. 24 fec. afternoon} 1 29 45 19|— 
Equation of the Sun’s mean Place fubtract 2 2 





2’ 22// 


‘ ——|Sun’s Equat. 
Rem. his true Place for the fame time, viz. 4 Taurus 29° 43'17”| 1 29 43-17} fubtract. 



















* Our Saviour was born ina leap-year, and therefore every fourth year both before and after 
is a leap-year in the Old Stile: but the Tables begin with the year wext after that of his birth. 


N. B. As 








The Elements or Reguifites for 




























an | N. B. As the Longitudes or Places of all the vifible Stars in the 

ae || Heavens are well known, we have an ealy method of finding the 

weiae Sun’s true Place in the Ecliptic: for the Sun is directly oppofite to that 
rat Point of tHe Ecliptic which comes to the Meridian at € mid- night. 


Fourth Ele- To find the Sun's Dechnation. 
he ment 
haat .-362. Precept . Enter Table XVII with the Signs and Degrees of 
Oa 8 the San’s Place; -and malcing proportions, take: out his Decli lination 
4 anfwering there If the Signs are at the head. of the Table, the 


be 
om 


By Jeerees ate at the left hand; but if the seme are at the foot of the 
Table; the Degrees are at the right hand, So, the Sun’s Declination 
anfwering to his true Place (fo ound by § a to He. Oh 20 9) is 4 


decrees 438 minutes 54 feconds, making allowance for the 9’ that 


We his Place exceeds, 12°. 
Fifth Ble To find the Angle of the Moon's vifible Path with the Ecliptic. 
ment. 3 ra) ° 
Wh Bl: Precert. ‘This we may ftate at 5 degrees 35 minutes, as near 
| enough for the purpofe ; fince it is never above: 8 minutes of a degree 
more or lefs. . 
1 Sixth Ele- To find the Moon's Latitude. 
i ment, 


763.0 Precept. * Having found the Sun’s:diftance from the Afcend- 
ine Node ‘by § 3 57; at hae mean time of New-Moon,.and his Ano- 
m aly for that time by § 359, find the Equation of the Nedein-Fable 
XU, by the Sun’s Anomaly, and the Equation of the Sun’s mean 
Place in. Table XII by his Anomaly: thefe two Fquations a applied (as 
the titles direét) to the Sun’s mean diftance from the Afcending Node, 
| pive his true diftance from it, and alfo the Moon’s true diftanee at he 
’ ‘time of Change: but when the Moon is Full, this diftance muft be 
increafed. by the addition of 6 Signs, which w ‘ll then ‘be the Moon’s 
truc weeds from. the fame ess 
e Moon’s true diftance from the Afcending Node is called the 
surent of the Moon's. Latitude; with the Signs of which, at the 
| head, of Table XIV, and Degreesat-the left hand; or with thé Signs 
hy Nb at the foot.of the "Table and Degrees at the right hand, take ont 
uprl the Moon’s Latitude: which is North Ajfcending; North Defccnding, 
South Afcending, or South D Defcenging , according to the letters NA, ND; 
S4 or SD, annexedito the Signs rs the faid Argument. 
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Be aa paune Wn. ban la ee 


7 . Me ° « F . f 
Sun’s mean Dut, from the*-Nodeat New Moonin4ri/1764. 0 +5 «937 
i 7 7 ha o/ 

To which add the Equation of the Node ---- 9 - = +o 
And ,it gives the Sun’s corrected Diftance from the Node. 0-5 47 
To which.cor. Dift. add the Eq. of the Sun’ Pla Si 
whicl » Dit. e Eq. of the:Sun’s mean Place, +1 56 


And it gives the Sun’s true Diftance from the Node 0. .7,> 43 

Which,.being at. the time of New Moon, ‘is. the Argument of 

‘ . 1 * . J 

Latitude ; and in ‘Table XIV, {making proportions for the 43’) thews 
the Moon’s Latitude to be 40° 9” North Afcending +-. 


To find the Moon’s true hourly Motion from the Sun. Seventh Ele- 


ment. 
- 364. Precept. With the Moon’s*Anomaly enter' Table XV, ‘and 
thereby take out her true hourly Motion: then with the Sun’s Ano- 
maly take out his true hourly» Motion from the fame Table: which 
done, fubtraét the Sun’s hourly Motion from:the Moon’s, and the re- 
mainder will be the Moon’s true hourly Motion from the Sun; which, 
for the above time § 359, 1s 27° 50”. 


To find the Semi-diameters of the Sun and Moon as feen from the Earth Eighth and 
at the above-mentioned time. vata 
365. Precept. Enter the XVth Table with the Sun’s Anomaly, 
and thereby take out his Semi-diameter; and in the dame manner 
take out the Moon’s Semi-diameter by: her Anomaly... The former of 
which for the above time will be found to be 16’ 6"; the latter 


14' 58". 


To find the Semt-diameter. of the Penumbra. Tenth Ele- 


ment, 


366. Precept. Add the Sun’s femi-diameter to the Moon’s, and 
their Sun will be the Semi-diameter of the Penumbra; namely, at the 


4 


above time 31° 4”. 


* When only one of the Nodes is mentioned, it is the Afcending Node that is meant, 
to which the Defcending Node is exactly oppofite. 

+ When the Moon is North of the Ecliptic. and going farther from it, her Latitude 
or Declination from the Ecliptic is called North Afcending : when fhe is North of the 
Ecliptic and going toward it, her Latitude is North Defcending: when fhe is South of 
the Ecliptic and going farther from’ it, her Latitude 1s South Defcending : and laftly, 
when the is South of the Ecliptic and going toward it, her Latitude is South A/cending. 


Dde2 366. Having 
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‘The proper 
Elements 
collected. 
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Elow to make 
a line of 
Chords.. 


The Elements or Requifites for 


366. Having found the proper Elements or Requifites for the Sun’s 
Eclipfe April 1, 1764, and intending to project this Eclipfe Geometri- 
cally, we fhall now collect them under the eye, that they may be the 
more readily found as they are wanted in order for the Projection. 

D li M 

367. I. The true time of Conj. or New Moon April 1 10 25 

II. The Earth’s Semi-Difc, which is equal to the 
Moon’s Horizontal Parallax 5 5’7” diminifhed by the Sun’s , } 





Horizontal Parallax which is always 10” —— — oO 54 67 
III. The Sun’s diftance from the neareft Solftice,uzz.95 77 §I * 0 
IV. The Sun’s Declination, North —— 48 54. 


oO + 
V. The Angle of the Moon’s vif. path with the Eclipt.  § 38 © 
VI. The Moon’s true Latitude, North Afcending 40 4g 
VIT. The Moon’s true Horary Motion from the Sun 27 50: 
6. 


VIII. The Sun’s.Semi-diameter -——- ——- —— 16 
IX. The Moon’s Semi-diameter -—~-~ — —— 4.4.68 
X. The Semi-diameter of the Penumbra ——  — ch edere | 


368. Having collected thefe Elements or Requifites, the following 
part of the work may be very much facilitated by means of a good. 
Seétor, with the ufe of which the reader fhould be fo well acquainted, 
as to know how to open it to any given Radius, as far as it will go; 
and to take off the Chord or Sine of any Arc of that Radius. This is: 
done by firft taking the extent of the given Radius in your Compaties,, 
and then opening the Sector fo as the diftance crofs-wife between the 
ends of the lines of Sines or Chords at S or C, from Leg to Leg of the 
Sector, may be equal to that extent; then,, without altering the Sector, 
take the Sine or Chord of the given Arc with your Compafles extended 
crofs-wife from Leg to Leg of the Sector in thefe lines. But if the operator 
has nota Sector, he mutt conftruct thefe lines to fuch different lengths 
as he wants them in the projection. And left this Treatife fhould falk 
into the hands’ of any perfon who would with to project the Figure of 
a folar or lunar Eclipfe,, and has not a Sector to do it by, we fhall 
fhew how he may make a line of Sines or Chords to any Radius. 

369. Draw the right line BC at pleafure ; and upon C as a Center, 
with the diftance-C4 or CB as a Radius, defcribe the Semi-circle BDA ;. 
and fromthe Center C draw AC perpendicular to BEA. Then divide the 
Quadrants 4D and BD each into go equal parts or degrees, and join the 
right line AD for the Chord. of the Quadrant 4D. ‘This done, fetting 
one foot of the Compaiffes in-4, extend the other to the different divifions 
of the Quadrant 4D; and’ fo transfer them to the right line 4D as.in 
L the 
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the Figure, and you have a line of Chords 4D to the Radius CA. PL. XI. 
N. B. 60 Degrees on the Line of Chords is always equal to the Radius 

of the Circle it is made from ; as is evident by the Figure, where the 

Arch E, whofe Center is 4, drawn from 60 on the Quadrant 4D, cuts 

the Chord line in 60 degrees, and terminates in the Center C. 

Then, from the divifions or degrees of the Quadrant BD, draw And of Sines. 
lines parallel to CD, which will fall perpendicularly on the Radius BC, 
dividing it into a line of Sines ; and it will be near enough for the prefent 
purpofe, to have them to every fifth Degree, as in the Figure. And 
thus the young Tyro may fupply himfelf with Chords and Sines, if he has 
not a Sector. But as the Sector greatly fhortens the work, we fhall de- 
fcribe the projection as done by it, fo far as Signs and Chords are required, 


370. Make a Scale of any convenient length (fix inches at leaft) as Fig. 1. 
AC, and divide it into. as many equal parts as the femi-diameter of the 
Earth’s Difc contains minutes, which in this conftruction of the Eclipfe 
for London in April 1764, is 54 minutes and. 57 feconds; but as it Farth’s 
wants only 3” of ss’ the Scale may be divided into 55 equal parts, Sem-Dilc. 
as inthe Figure. Then, with the whole length of the Scale as a 
Radius, fetting one:foot of your Compafles in C'as.a center, defcribe the 
Semi-circle 4MB for the northern Hemifphere or Semi-difc of the 
Earth, as feen from the Sun at that time. Had the Place for which 
the Conftruction is made been in South Latitude, this Semi-circle 
would have been the Southern Hemifphere of the Earth’s Difc. 

371. Upon the center C raife the ftraight line CH for the Axis of the Axis of the 
Ecliptic, perpendicular to ACB.. Ecliptic. 

2. Make a line of Chords to the Radius 4C,. and taking from North Pole of 

thence the Chord of 234 Degrees, fet it off from H to g and to 4, on the Earth. 
the periphery of the Semi-difc;. and draw the ftraight line giVé, in 
which the North Pole of the Dife is always. found. 

373. While the Sun, is in Aries, Taurus, Gemini, Cancer, Leo, 
and Virgo, the North Pole of the Difc is illuminated ; but while the Sun 
is in Libra, Scorpio, Sagittary, Capricorn, and Aquarius, the North 
Pole is hid in the obfcure part behind the Difc. 

374. And, whilft the Sun is in Capricorn, Aquarius, Pifces, Aries, 
Taurus, and Gemini, the Earth’s Axis CP lies to the right hand of the 
Axis of the Ecliptic CH as feen from the. Sun, and to the left hand 
while the Sun is.in the other fix Signs. 

475. Make a line of Sines equal in length to Ng or NA, and Earth's Axis. 
take off with your Compaffes from it the Sine of the Sun’s diftance 


from, the neareft Solftice, which in the. prefent cafe. is. 77° 51 §. 367, 
and: 


Feneve stagieed SSSSESELEGESSetSEHRSSEEE beteeats SESE SSitatst ituppensctess ges treteaire setiscesserhes geielee sessinen sataia gtntetacstese 
+s, shred bssceg he retbsbedsaeessed sachet ot sessshbesed csts3t 
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ind fet that diftance to the t right hand, from ‘NV to-P, on the line gNb, 
e the § ing} ah, 3595 the Earth’s Axis lies'to the tigh it 
Echptic§ 3:74 :.:then) draw. the {traight line 


- the Farth’so/ AXIS ai the Ubivert al Meridian ; of tooth 
T 


Bit 376. ‘To draw the parallel of Latitude:of any given. Place (fappofe 
Path of a London) which parallel is the vifible Path of the F Jace on | the: Dife,.as 
riven Place’ feen from ‘the ie from the time that the Sum rifesctill it {ets ;) fub- 
on from tract the Latitude of the Place (London): 51+ degrees frornego degrees, 
! che Sun. cand pore remains 384; which take from ‘the Line of Chords in your 
i | Compafies, and fet it from (where. the Univerfal Meridian «GP 
cuis the “pet riphery of the Semi- difc) to VI and VI; and draw’ the 
: occult Line VILVI. Then, on the left hand of the Earth’s Axis, 
if fet off the ‘Chord-of the Sun’s Declination 4° 48’ 54! §367; from VI 
| to D pag to FP; fet off the fame on the right hand from VE to and 
} ~ ‘to G3. and an rawit the occult Lines DsE and FXIIG_ parallel to/VLL, VI. 
a7 7: Bit ct s XIT in K, and through the point K. draw. the black 
Line VIKV parallel to the occult: or dotted Line VIL-VI. Then, 
making 4C the Radiusor leneth of a Line of Lines, :fet. off. the Sine 
of 784 debrees, the Co-Latitude of London, fromm K to VI and VI; 
Heid 3 with tha at extent-as a, Radius; defcribeothe -Semi-Circle VI 7306 
} &c. and divide it inte 12 equal ‘parts, beginning -at VI. From -thefe 
; divifions, draw the occult Lines 7m; Sl; ok, &e. all to the Line VIK VI, 
and parallel to C XII P. ‘Then, «with KXIlas a Radius, defcribe the 
Circle abcdef, round the Center K,:and divide the Quadrant @XJII into 
fix equal parts, as ab, bc, cd, de, &c.\ Then, through thefe points’of 
Situation of divifion 6, °c, -d,"e;-and /f, “draw the occult’ Lines VILA V, VIUI cdl, 
on IX d Ill, &c. interfefting the former Lines’ 7m,’ 81, gk, 102, -8ec,4in 
he points VU, VU, 1X, X, XI, &c. which points mark the fitua- 
tion of London on the Earth’s Dife as feen fromthe Sun at thefe hours 
refpectively, from fix inthe. morning till fix atenight:!\and: if the 
ec} liptic ¢ Curve VI, VII, VIL, &cilbe drawn thtough thefe. points, -it 
will reprefent the parallel of London, .orthe path it feéms to defcribe 
as viewed from the Sun, from:Sun- rife to Sun-fet.. .V. B. When the 
Sun’s ei aaah is North, the faid Curve is the ditrnal Path of 
London’; and the -oppefite part VI s VI is it’s nocturnal Path behind 
the Difc, or in the obfcure‘part thereof, ! § 338, 339. But if the Sun’s 
Declination had | been South, the Curve VI s VI would have’ been the 
diurnal path of London’s'tin whith cafe the Lines 7m, 8/, &c. mufthaye 
at been continued thro’ the right Line VI K VI, and their lengths beyond 
| that line determined by d diy iding the Quadrant s@ of the little Circle 
Z abcd 
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ot into fix equal parts, and drawing the p 
or] 1 j 1° {3 1 x 


that divifion, in the fame manner y XII; 
al Aa the Curve’ VII,’ VITH}°EX, cc.’ ‘would’ have’ been the nocturnal 


a@qgllele WITS,’ VITT. 
irallels V LID, VIlle &c. 


e 
aa nr 1) AE eS 7” YW 
as AULT 1 Li it bic iN 


od 





Path, It-is requifite: to Aide the hours of the diurnal Path into 
quarters, as inthe Diagram; ‘and if poffible into minutes alo, 
378. From the Line POF Chords § 372 take the Angle of the Moon’s 
vifible Path with the Eéliptic, o7z. 5° 38° § 367: and that when 
the Moon’s Latitude is North Afeenarng, as in the préfent cafe, the 
Chord of this Angle mutt be ft off to the lef hand of the Axis of the 
Ecliptic CH, as from’ Eto M, and the right line’ CM drawn for the Axis of the 
Axis of the Moon’s Orbit: but when the Moon’s Latitude is Marat Moon's Orbits 





Defcending, this Ar ngle and Axis mutt be fet to right hand, or 
from Hf toward 6. When the Moon’s Latitude South mg, the Axis 


of her Orbit lies the ame way as when her Latitude is North Afcendin es 
and wher South Defcending, the fame Way as w hen North Defcendin e. 
379. te ke the Moon’ s Latit ude, 407-9" § 367; from the Gisade CA, P 
and fet it from C to J on the Axis of the Ecli liptic; and through J, .°" 
at fri ioht Angles to the Axis of the Moon’s Orbit Ci VM, draw the ftr aight 
Line RTS; which is the Moon’s Path, or Line that the center of her 
fhadow anid Penumbra defctibes in going over the Ea rth’s Dife.: “The. 
Point T-1n 'the Axis of the e-Ecliptic ds hie ? lace ‘where the true Conjunc- 
tion of the Sun and Moon’falis, acc cording ‘to the Tables ;: and the 
vente W, in the Axis of the Moon’s Orbit; is that where ee center‘ of 
the Penumbra approaches neareft to the center of the Earth’s Difc; and 
apifiedh 1ently the tad of the-general E H'clipfe. 
380. Take'the Moon’s’ trie Hotary Motion from: the Sun’ 27”) 50” 
§ 367, from the Scalé CA with your Compafies § (every divifion of thé 





t 





Scale being a minute of a Deeree) and with that oe make: marks 
in the Line of the Moon’s Path — : then divide each of thefe equal Wipes 


{paces by “dots “8 ‘60 aie patts ‘or hofary minutes; ‘and. fet the ps new, 


ewn 
hours to every 60th minute. 3 me cha ‘manher Ae the “dot: fignifys for every 
ing the ‘precife minute “of New Moon by et Pables;-‘nray fallin: the 75, 
Point T where the Axis 6f the Ecliptic cuts the Line of the Moon’s 
his Eclipfe, ‘is the 2 «th minute pat ten in the Fore- 


Path ; which, ‘in this 2 
noon: and then the other marks will fhew the places on the E 


co a2 n. A oe 
al tiie afrii S$ 
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7 “ 1 a Pee Pm (41 [A par ae 
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ut ves oe ~ ] eT eS ye | 
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: 1 $e . Mee PI 
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} } Ls 1 ie 
ra hour and minute both in the Pa 
2) fi Q art LD ta) CUBRGing one 
\ onftruction ) and rath: of tne iVboon:; 





a) 20% 


j ite } ; F 
olf i Middle ef the 

Dy Eclipfe. 

ib | | 

i 1 

VW 

ine 

it’s Phafes. 


Jt’s:beginning 
and ending. 






The Projeétion of 


time in both Paths, will be the precife minute of vifible Conjunétion 
of the Sun and Moon at London, and therefore the time of greateft 
obfcuration, or middle of the Eclipfe at London; which time, in this - 
Projection, falls at ¢, 34 minutes paft 10 in the Moon's Path; and at 
v, 34 minutes paft 10 in the Path of London. ‘Then, upon the Point 
zas a center, defcribe the Circle 2% whofe Radius wy is equal to the 
Sun’s femi-diameter 16’ 6” § 367, taken from the Scale C4: And 
upon the Point ¢ as a center, defcribe the Circle Hy whofe Radius is 
equal to the Moon’s femi-diameter 14’ 58” § 367, taken from the 
fame Scale. The Circle zYy reprefents the Difc of the Sun as feen 
from the Earth, and the Circle Hy the Difc of the Moon. The 
portion of the Sun’s Dife cut off by the Moon’s fhews the Quantity 
of the Eclipfe at the time of greateft obfcuration : and if a right Line 
as yz be drawn acrofs the Sun’s Dife through ¢ and uw, the minute of 
greateft obfcuration in both Paths, and divided into 12 equal parts, it 
will thew what. number of Digits are then eclipfed. If thefe two 
Circles do not touch one another, the Eclipfe will not be vifible at 
the given Place. | 

382. Laftly, take the Semi-diameter of the Penumbra 31° 4” § 367, 
from the Scale C4 with your Compafies; and fetting one foot in 
the Moon’s Path, to the left hand of the Axis of the Ecliptic, direct 
the other toward the Path of London; and carry this extent back- 
wards or forwards until both Points of the Compafies fall into the fame 
inftants of time in both Paths: which will denote the time of the begin- 
ning of the Eclipfe : then, do the fame on the right hand of the Axis 
of the Ecliptic, and where both Points mark the fame inftants in both 
Paths, they will fhew at what time the Eclipfe ends. ‘Thefe trials give 
the Points R in the Moon’s Path and r in the Path of London, namely 
9 minutes paft g in the Morning for the beginning of the Eclipfe at 
London, April 1, 1764: ¢ and u for the middle or greateft obfcuration, 
at 35 minutes paft 10; when the Eclipfe will be barely annular on 
the Sun’s lower-moft edge, and only two thirds of a Digit left free on 
his upper-moft edge: and for the end of the Eclipfe, Sin the Moon’s 
Path and x in the Path of London, at 4 minutes paft 12 at Noon. 

In this Conftru€tion it is fuppofed that the Equator, Tropics, Pa- 
rallel of London, and Meridians through every 15th degree of Longi- 
tude are projected in vifible Lines on the Earth’s Difc, as feen from 
the Sun at almoft an infinite diftance; that the Angle under which 
the Moon’s diameter is feen, during the time of the Eclipfe, continues 
invariably the fame; that the Moon’s motion is uniform, and her Path 
seCtilineal, for that time. But all thefe fuppofitions do not exactly eet 
I with 














































Lunar FE clipfes. 


with the truth; and therefore, fuppofing the Elements § 367, given 
by the Tables to be perfectly accurate, yet the time and ” phates of 
the Eclipfe deduced from it’s Con Rnicton wili not anfwer ese to 


what paffet! h in the Heavens ; but may be two or three minutes wro 


though done with the utmoft care. Moreover, ihe Paths of all Place. 

of confiderable Lati tude go nearer the center of the Di fe as feeh from 
the Moon than thefe Conftru@tions make them; becaufe a aie Farth’s 
Dife is projected as if the Earth were a perfea fohere, although it is 
known to be a fpheroid. Confequently, the Moon’s thadow will gO 
farther North in places of northern Latitude, and farther South in places 
of fouthern Latitude than thefe projections anfwer to. Hence we may 
venture to predict that this Eclipfe will be more annular at London 
oan is, the annulus will be fomewhat broader on the fouthern Limb 
of the Sun) than the Diagram fhews it. 


363. Having fhewn how to compute the times and Relea the phafes 
of a Solar Ecli ipie, we now proceed to thofe of the Lunar. id it has 
been already mentioned § 317, that when the Full Moon is saree 12 
degrees of either of her Nodes, fhe muft be eclipfed. We fhall now 
enquire whether or no the Moon will be eclipfed May 18, 1761, N.S 
at 32 minutes paft 10 at Night. See page 193. 


Sun from Node at Full poe in March 1761 — —- 9g 25 27 
Add his diftance for two Lunations, to bring itinto May: 2  aaneke 
And his diftanceat Full nee inthat»menthjis. > -—+ .@he 26 47 47 

Subtract this from a Circle, or.12 Signs, and there will remain 3° 13’; 


which is all that the Sun wants of coming round to the Afcending Node 
and the Moon being then oppofite to the Sun, mutt be juft as near si 
Defcending Node: con! fequently, far within the limit of an Eclipfe. 

384. Knowing then that the Moon will be eclipfed in May 1701; 
we mutt’ find her. true diftance from’ the-Node at,that tim ey, by appl) v= 
ing the proper Equations « as taught § 363, ie then find her true La- 
fitu > as taught in that article 











Sun’ 

Adc 1 the Equation of the Node, for the Sun’sAnomaly 10° preity 
DO29 Tica ao —— —_—_ — wt 

Sun’s meam diftance from the Node corrected: -—~ — i heabaoe 2. 

Add the Eguation o f the | Sun’s mean Place —— — 4-1 15 

Sun's true diftance from the Afcending Node — — it 28 $8 





To ech ch add 6 Signs, See 26 363 — — 6 

The fum is the Moon's true diftance from the fame Node re g 
* See Page 193. Example II. 

e 


; ; 
mean diftance coms Nodeat F. Moonin May1761 11 26 47 Table IV. 


mY riyrTr 
Table XIII. 





























Table VI. 
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PL, XII. 


To- project a 
funar Eclipfe. 


Fio. HE 
a) 






The Projection of 


Or the Argument of her Latitude; which in Table XIV, gives the 
Moon’s true Latitude, wz. g’ 56” North Defcending.. 

385. Having by the foregoing precepts § 355 found the true time 
of Oppofition of the Sun and Moon in a lunar Eclipfe, with the Moon’s 
Anomaly enter Table XV and take out her horizontal Parallax, alfo 
her true horary Motion and Semidiameter: and likewife thofe of the 
Sun by his Anomaly, as already taught § 364 & jeg. Then add the 
Sun’s horizontal Parallax, which is always 10 Seconds, to the Moon’s 
horizontal Parallax, and from their fum fubtra@& the Sun’s Semi- 
diameter ; the remainder will be the Semi-diameter of that part of the 
Earth’s fhadow which the Moon goes through. © 

386, From the Sum of the Semi-diameters of the Moon and Earth’s 
Shadow, fubtract the Moon’s Latitude ; the remainder is the parts de- 
ficient. Then, as the Semi-diameter of the Moon is to 6 Digits, fo 
are the parts deficient to the Digits eclipfed. 

387. If the parts deficient be more than the Moon’s Diameter, the 
Eclipfe will be total with continuance; if lefs, it will nat be total; if 
equal, it will be total, but without continuance. 

388. Now collect the Elements for projecting this Eclipfe. 








Moon’s horizontal Parallax oe —— ae 5s 32 
Sun’s horizontal Parallax (always) —- — o 1Q 
The Sum of both Parallaxes ° —_——— —— 55 42 
From which fubtract the Sun’s Semi-diameter 15 54 
Remains the Semi-diameter of the Earth’s Shadow 39 48 
Semidiameter of the Moon —— — — 15 2 
Sum of the two laft — ao —— 54 50 
Moon’s Latitude fubtract — noe — 9 56 
Remains the parts deficient — —- — 45 Oo 
Moon’s horary motion — — 30 46 
Sun’s horary motion fubtrat — — — —- psd 


Remains the Moon’s horary motion from the Sun — 28 22 


389. This done, make a Scale of any convenient length as W, 
whereof each divifion is a minute of a degree ; and take from it in your 
Compaffes 54 Minutes 50 Seconds, the Sum of Semi-diameters of the 
Moon and Earth’s fhadow ; and with that extent as a Radius, deferibe 
that Circle OV LG round C as a Center. 

From the fame Scale take 39 Minutes 48 Seconds, the Semi-diameter 
of the Earth’s fhadow , and therewith as a Radius, defcribe the Circle 
UUUU for the Earth’s fhadow, round @ as aCenter. Subtra@ the 

2 Moon’s 







































Lunar Eclhipfes. 


Moon’s Semi-diameter from the Semi-diameter of the Shadow, and 
with the difference 24 Minutes 46 feconds as a Radius, taken from the 
Scale W, defcribe the Circle YZ round the Center C. 

Draw the right line 4B through the Center C for the Ecliptic, and 
crofs it at right Angles with the line EG for the Axis of the Ecliptic. 

Becaufe the Moon’s Latitude in this Eclipfe is North Defcending, 
§ 354, fet off the Angle of her vifible Path with the Ecliptic 5 Degrees 
38 Minutes (Page 202.) from EtoV; and draw VCv for the Axis of the 
Moon’s Orbit. Had the Moon’s Latitude been North Afcending, this 
Angle muft have been fet off from Hito fi N.B. When the Moon’s 
Latitude is South Afcending, the Axis of her Orbit lies the fame way 
as when fhe has North Afcending Latitude; and when her Latitude is 
North Defcending, the Axis of her Orbit lies the fame way as when 
her Latitude is South Defcending. 

Take the Moon’s true Latitude 9’ 56” in your *Compafies- from the 
Scale W, and fet it off from C to F on the Axis of the Ecliptic becaufe 
the Moon is north of the Ecliptic ; (had fhe been to the South of it, 
her Latitude muft have been {et off the contrary way, as from C to- 
wards v :) and through F, at right Angles to the Axis of the Moon’s 
Orbit YCv, draw the right line LMHNO for the Moon’s Orbit, or 
her Path through the Earth’s thadow. N.B. When the Moon’s 
Latitude is North Afcending, or North Defcending, fhe is above the 
Ecliptic: but when her Latitude is South Afcending, or South Defcend- 
ing, fhe is below it. 

Take the Moon’s true horary motion from the Sun, viz. 28 Minutes 
22 Seconds, from the Scale YW in your Compafies; and with that 
extent make marks in the line of the Moon’s Path LMAHNO: 
then divide each of thefe equal {paces into 60 equal parts or minutes 
of time: and fet the hours to them as in the Figure, in fuch a 
manner that the precife time of Full Moon, as fhewn by the Tables, 
may fall in the Axis of the Ecliptic at F, where the line of the Moon 
Path cuts it. 

Laftly, Take the Moon’s Semi-diameter 15 Minutes 2 Seconds 
from the Scale W in your Compafies, and therewith as a Radius de- 
fcribe the Circles P, 2, R, S, and TZ on theCenters L, M, H, N, and 
O; the Circles P and { juft touching the Earth’s Shadow UU, but no 
part of them within it; the Circles Q and S all within it, but touch- 
ing at its edges; and the Circle R in the middle of the Moon’s Path 
through the fhadow. So the Circle P fhall bé the Moon touching 
the fhadow at the moment the Eclipfe begins ; the Circle Q the Moon 
juft immerfed into the fhadow at the moment fhe is totally eclipfed; 


Be 2 the 















































The Projeétion of Lunar Eclipfes. 


aad | the Circle R the Moon at the greateft cbfcuration, in the middle 
a || of the Eclipfe; the Circle S the Moon juft beginning to be. en- 


h | lichtened on her weftern limb at the end-of total darknefs; and the 
Circle T the Moon quite clear of the Earth’s fhadow at the moment 


est (aint the Eclipfe ends. ‘The moments of time marked at the points L,M,H,N 


and O anfwer to thefe Phenomena: and according to this {mall pro- 
‘e¢tion are as follow. The beginning of the Eclipfe at 8 Hours 36 
funutes P.M. the total immerfion at. 9 Hours 42 Minutes. “The 


middle of the Eclipfe at 10 Hours 26 Minutes. The end of total 
mt | darknefs at 11 Hours 12 Minutes. And the end of the Echipfe at 
A 12 Hours 18 Minutes; but the Figure is too {mall to admit of pre- 


oe cifion. 


Theexamina- 390. By computing the times of New and Full Moons, : together 

i tion of antient with the diftance of the Sun and Moon from the Nodes; and know- 

‘| Set ing that when the Sun is within 17 Degrees of either Node at New 

Moon he mutt be eclipfed ; and when the Moon is within 12 Degrees 

of either Node at Full fhe-cannot efcape an Eclipfe; and that there 

can be no Eclipfes without thefe limits; ‘tis eafy to examine whether 

the accounts of antient-Eclipfes recorded in hiftory be true, I»fhall 

; take the liberty to examine two of thofe mentioned in the forégoing 

iH catalogue, namely, that of the Moon at Badylon on the 19th of March 

| in the 721ft year before CurisT ; and that of the Sun at Athens, on 
the 20th of March, in the 424th year before CuRIsT. 

The time of Full Moon for the former of thefe Eclipfes is al- 

ready calculated, Pageig8, and the time of New Moon for the latter, 

Page 196, both to the O// Style; fo that we have nothing now to do 

but find the Sun’s diftance from the Nodes the fame way as we did 

the Anomalies; and if the Full Moon in March 721 years before 

CuristT was within 12 degrees of either Node, .fhes-was then 

eclipfed; and if the Sun, at the time of New Moon in March 42x. 

years before CurisT was within. 17 degrees of either sNode,/ he 

muit have been eclipfed at that time. 


Ext ARM. POL Bi 


To find the diftance of the Sun and Moon from the Nodes, at the time of 
Full Moon in March, the year before Curist 721, O.S. 


The years 720 added to 1780 make 2500, or 25 Centuries. 
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Sun from Node 


Tothe meantimeof Full Moonin Merch 1780, TablelIT. 10 3. 1 
Add the diftance for 1 Lunation [See NV. B. Page 195, 














and Example III, Page r9g3]* — .— Po 40 
Sum = —_ — — — Sa th agro 
From which fubtra@ the Sun’s diftance from the Node 

for 2500 years, Table'V — aie aa aaa: cama OS 
Remains the Sun’s diftance from the Node, March 19, * 

721 years before CHRIST — — —!r\g 2g) 230 
To which add 6 Signs for the Moon's diftance, becaufe 

fhe was then in oppofition to the Sun - ——- tat OR OLAE SO 


The Sum is the Moon’s dift. from the Afcend. Node 11 29 30 
That is, the was within half a degree of coming round to it again ; 
and therefore, being fo near, fhe muft have been totally, and almoift 
centrally eclipfed. 
Et XA NEP CE Bye | 
To find the Sun's diftance from the Node at the Time of New Moon in March, | 
the year before CHRIST 424, O. 7 
The years 423 added to 1777 make 2200, of 22 Centuries. 
Sun from Node 


$ e 
Q 


. ; 2 / 
At the mean time of New Moon in March 1777, Tab.T. 5 23 33 
From which fubtraG the Sun’s diftance from the Node 


for 2200 years, Table Vo = — — iH 32 '6 50 
Remains the Sun’s diftance from the Afcending Node, "ies nel baa fl 
March 21, 424 years before CHRIST — ae Og IGT! 23 
Which, taken from 6 Signs, the diftance of the Nodes | i 
from each other — = -— — -0 5 ©+j 0 if 
Leaves thc Sun’s diftance at that time from the Defcend- 
ing Node, vz. — _ me moe — O 12 27 


¢ 


Which being lefs than 17 degrees, fhews that the Sun was then 
eclinfed. And as from thefe fhort Calculations we find thofe two an- 
tient Eclipfes taken at a venture, to be truly recorded ; it is natural to 
imagine that fo are all the reft in the catalogue. 


Here follow AsTRONOMICAL TABLES, for calculating the Times ‘ 
of New and Furi Moons and Ec ipPsEs. 


TABLE 













Aftronomical Tables. 









Tasce I. The mean time of New Moon in-March, the mean Ano- 
maly of the.Sun and Moon, the Sun's mean Difiance from the 
Ajcending Node; with the mean Longitude of the Sun and Node 
Srom the beginning of the Sign Aries, at the times of all the New 
Moons in March for 100 years, Old Style. 
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diftance from the Afcending Node, with the mean Longitude of the Sun 
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The firft, fecond, third, and fourth Tables may be continued, by means of the fixth, to any 
length of time: for, by adding 12 Lunations to the mean time of the New or Full Moon which 
happens next after the 11th day of March, and then, calling out 365 days in common years, 
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and 366 days in leap-years, we have the mean time of New or Full Moon in March the fol- 
lowing year. But when the mean New or Full Moon happens on or before the 11th of March, 
there muft be 13 Lunations added to carry it to March again. ‘The Anomalies, Sun’s diftance 
from the Node, and Longitude of the Sun are found the fame way, by adding them for tz 
or 13 Lunations. But the retrograde Motion of the Node for thefe Lunations muft be fubtraéted 
from it’s longitude from Aries in March, to have it’s Longitude or Place in the March following. 
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By comparing this Table with the Table on page 113, it is eafy to find how many Lunations are contained in any given number 
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Of the fixed Stars. 


CHAP. XxX, 
Of the fixed Stars. 


Why the fix- 391, es Stars are faid to be fixed, becaufe they have been generally 
eds Ay obferved to keep at the fame diftance from each other : their 
pear bigger : - 2 : er : 
when viewed apparent diurnal revolutions being caufed folely by the Earth’s turning on 
by the bare its Axis.. They appear of a fenfible magnitude to the bare eye, becaufe 
eA the retina is affected not only by the rays of light which are emitted 
throvgha directly from them, but by many thoufands more, which falling upon 
telefcope, sour eye-lids, and upon the aerial particles about us, are reflected 
into our eyes fo ftrongly as to excite vibrations not only in thofe points 
of the retina where the real images of the Stars are formed, but alfo 
in other points at fome diftance round about. ‘This makes us imagine 
the Stars to be much bigger than they would appear, if we faw them 
only by the few rays which come directly from them, fo as to enter 
our eyes without being intermixed with others. Any one may be fen- 
fible of this, by looking at a Star of the firft Magnitude through a long 
narrow tube; which, though it takes in as much of the {ky as would 
hold a thoufand fuch Stars, yet fcarce renders that one vifible. 

The more a telefcope magnifies, the lefs is the aperture through 
which the Star is feen; and confequently the fewer rays it admits into 

A proof that the eye. Now fince the Stars appear lefs in a: telefcope which mag- 

‘hey fhine PY nifies 200 times than they do to the bare eye, infomuch that they feem 

Light. to be only indivifible points, it proves at once both that the Stars are 
at immenfe diftances from us, and that they thine by their own proper 
light. If they fhone by borrowed light they would be as invifible 
without telefcopes as the Satellites of Jupiter are: for thefe Satellites 
appear bigger when viewed with a good telefcope than the largeft 
fixed Stars do. 

392. The number of Stars difcoverable, in either Hemifphere, by 
the naked eye, is not above a thoufand. This at firft may appear in- 
credible, becaufe they feem to be without number: But the deception 

Their num- arifes from our looking confufedly upon them, without reducing them 
ber Se into any order. For look but ftedfaftly upon a pretty large portion of 
rally indeed the fky, and count the number of Stars in it, you will be furprifed to 
ed. find them fo few. Or, if one confiders how feldom the Moon meets 
with any Stars in her way, although there are as many about her Path 
as in other parts of the Heavens (the M7/ky way excepted) he will foon 
be convinced that the Stars are much thinner fown than he was aware 


of. 





































Of the fixed Stars. 


of. The Briti/b catalogue, which, befides the Stars vifible to the bare 
eye, includes a great number which cannot be feen without the af- 
fiftance of a telefcope, contains no more than 3000, in both Hemi- 
{pheres. 

393. As we have incomparably more light from the Moon than The abfurdi- 
from all the Stars together, it were the greateft abfurdity to imagine rs of rks 
that the Stars were made for no other purpofe than to’ caft a faint light me 0 a 
upon the Earth: efpecially fince many more require the affiftance of a only to en- 
good tele{cope to find them out, than are vifible without that Inftru- mite ae 
ment. Our Sun is furrounded by a fyftem of Planets and Comets; all 
which would be invifible from the neareft fixed Star. And from what 
we already know of the immenfe diftance of the Stars, the neareft 
may be computed at 32,000,000,000,000 of miles from us, which is 
more than a cannon bullet would fly in 7,000,000 of. years. Hence 
tis eafy to prove, that the Sun feen-from {uch a diftance, would appear 
no bigger than a Star of the firft magnitude. From all this it is highly 
probable that each Star is a Sun to a fyftem of worlds moving round 
it though unfeen by us; efpecially, as the doctrine’ of a plurality of 
worlds is rational, and greatly manifefts the Power, Wifdom,. and: 
Goodnefs of the great Creator. 

394. The Stars, on account of their apparently various magnitudes, Their diffé- 
have been:diftributed into feveral clafles or orders. -'Thofe which appear bar shine eat 
largeft are called Stars of the firft magnitude; the next to them in luftre, 
Stars of the fecond magnitude, and fo on to the /xth, which are the 
{malleft that are vifible to the bare eye. This diftribution having 
been made long before the invention of telefcopes, the Stars which: 
eannot be feen without the affiftance of thefe inftruments are diftin- 
guifhed by the name of Telefcopie Stars. 

395. The antients divided the ftarry Sphere into particular Conftel- And divifion: 
lations, or Syftems of Stars, according as they lay near one another, oe 
fo as to occupy thofe {paces which the figures of different forts of ani-" 
mals or things would: take up, if they were there delineated. And 
thofe Stars which could not be brought into any particular Conftel- 
lation were called wnformed Stars. 

396. This divifion of the Stars into differentConftellations orAfterifms, ea of 
ferves to diftinguifh them from one another, fo that any particular Star “° O""°™ 
may be readily found in the Heavens by means of a Celeftial Globe ; 
en which the Conftellations are fo delineated as to put the moft remark- 
able Stars into fuch parts of the figures as are moft eafily diftineuifhed. 

The number of the antient Confte!lations is 48, and upon our prefent 
Globes about 70.. On Senex’s Globes are inferted Bayer’s Letters ; the 
is 
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Of the fixed Stars. 


firft in the Greek Alphabet being put to the biggeft Star in each Con- 
ftellation, the fecond to the next, and fo on: by which means, every 
Star is as eafily found as if a name were given to it. ‘Thus, if the 
Star y in the Conftellation of the Ram be mentioned, every Aftronomer 
knows as well what Star is meant as if it were pointed out to him in 
the Heavens. 
a he Zodiac. 397. There is alfo a divifion of the Heavens into three — parts. 
at 1. The Zodiac, (Cudiax@-) from Cadi Zodion an Animal, » becaufe 
a} moft of the Conftellations in it, which are twelve in number, are the 
| a figures of Animals: as 4ries the Ram, Zaurus the Bull, Gemini the 
Ca Twins, Cancer the Crab, Leo the Lion, Virgo the Virgin, Lzbra the 
fi) Balance, Scorpio the Scorpion, Sagzttarius the Archer, Capricornus the 
ii Goat, Aquarius the Water-bearer, and Pz/ces the Fifhes. . The Zodiac 
ad goes quite round the Heavens: it is about 16 degrees broad, fo that it 
Bip | takes in the Orbits of all the Planets, and likewife the Orbit of the 
ee | Moon. Along the middle of this Zone or Belt is the Ecliptic, or 
18 | Circle which the Earth defcribes annually as feen from the Sun; and 
fH which the Sun appears to defcribe as feen from the Earth. 2. All 
that Region of the Heavens, which is on the north fide of the Zodiac, 
containing 21 Conftellations. And 3. that on the fouth fide, contain- 
| ing 15. 
iT The manner 3.98. ‘The antients divided the Zodzac into the above 12 Conftellations 
i oe ae it or Signs in the following manner. They took a veffel with a fmall 
nation. hole in the bottom, and having filled. it with water, fuffered the fame 
to diftil drop by drop into another Veflel fet beneath to receive it; be- 
ginning at the moment when fome Star rofe, and continuing until it 
rofe the next following night. The water fallen down into the receiver 
they divided into twelve equal parts; and having two other fmall veffels 
in readinefs, each of them fit to contain one part, they again poured 
all the water into the upper veffel, and ftrictly obferving the rifing of 
fome Star in the Zodiac, they at the fame time fuffered the water to 
drop into one of the {mall veffels; and as foonas it was full, they 
fhifted it and fet an empty one in it’s place. By this means, when 
each veflel was full, they obferved what Star of the Zodiac rofe; and 
though not poffible in one night, yet in many, they obferved the 
a ae rifing of twelve Stars, by which they divided the Zodiac into twelve 
: : i ee parts. 
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399. The names of the Conftellations, and the number of Stars 
obferved in each of them by different Aftronomers, are as follows. 


The 





The antient Conftellations. 


Urfa minor 

Urfa major 

Draco 

Cepheus 

Bootes, Arétophilax 
Corona Borealis 
Hercules, Engonafin 


yra 
Cygnus, Gallina 
Caffiopea 
Perfeus 

Auriga 
Serpentarius, Ophiuchus 
Serpens 

Sagitta 

Aguila, Vultur 
Antinous 
Delphinus 
Equulus, Egui /edtio 
Pegafus, Equus 
Andromeda 
Triangulum 
Aries 

‘Taurus 

Gemini 

Cancer 

Leo 

Coma Berenices 
Virgo 

Libra, Chele 
Scorpius 
Sagittarius 
Capricornus 
Aquarius 

Pifces 

Cetus 

Orion 

Eridanus, Fluvius 
Lepus 

Canis major 

+ Canis minor 
Argo Navis 
Hydra 

Crater 

Corvus 
Centaurus 
Lupus 

Ara 

Corona Auftralis 
Pifces Auftralis 


Piolemy. 

The Little Bear 8 
The Great Bear 35 
The Dragon 31 
Cepheus rz 

23 
ThenorthernCrown 8 
Hercules kneeling . 29 
The Harp 10 
The Swan 1g 
The Lady in her Chair 13 
Perfeus 29 
‘The Waggoner 14 
Serpentarius 29 
The Serpent 18 
The Arrow 5 
The Eagle 
Antinous i 15 
The Dolphin 10 
The Horfe’s Head 4 
The Flying Horfe 20 
Andromeda a2 
The Triangle 4 
The Ram 18 
The Bull 44 
The Twins 25 
The Crab 23 
The Lion 
Berenice’s Hair i 35 
The Virgin 32 
The Scales 17 
The Scorpion 24. 
‘The Archer ee 
The Goat 28 
The Water-bearer 45 
The Fithes 38 
The Whale 22 
Orion 38 
Eridanus, the River 34 
The Hare 12 
The Great Dog 29 
The Little Dog 2 
The Ship 45 
The Hydra a7 
The Cup 7} 
The Crow 7 
The Centaur er. 
The Wolf 19 
The Altar 7 


Of the fixed Stars. 


ThefouthernCrown 13 


The fouthern Fifh 


Hh 


18 


Tycho 


Hevelius, 


12 
73 
40 
51 
52 


Flamfteed. 


24 
87 
80 
35 
54 
25 
113 
21 
St 


55 
59 
66 
74 
64 
i8 


71 
18 
10 
89 
66 
16 
66 
IAI 
85 
83 
95 
43 
IIo 
5t 
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The Milky 
Way. 


Lucid Spots. 


Of the fixed Stars. 
The New Southern Conftellations. 





Columba Noachi Noah’s Dove 10 
Robur Carolinum The Royal Oak re 
Grus The Crane 13 
Phoenix The Phenix 13 
Indus The Indian wets: 
Pavo The Peacock 14 
Apus, Avis Indica The Bird of Paradife 11 
Apis, Mufca The Bee or Fly 4 
Chameleon The Chameleon 10 
Triangulum Auftralis The South Triangle 5 
Pifcis volans, Pafer The Flying Fifh 8 
Dorado, X7pbias The Sword Fith 6 
‘Toucan The American Goofe 9 
Hydrus The Water Snake IO 


Hevelius’s Conftellations made out of the unformed Stars. 


Hevelius.  Flam/fteed, 


Lynx The Lynx 19 44. 
Leo minor | The Little Lion ei 
Afterion & Chara The Greyhounds 23 25 
Cerberus Cerberus 4. 

Vulpecula & Anfer ‘The Fox and Goofe 27 35 
Scutum Sobiefki Sobiefki’s Shield 7 

Lacerta The Lizard 10 16 
Camelopardalus The Camelopard . 32 58 
Monoceros ‘Te Univer a. 19 31 
Sextans The Sextant iI AI 


400, There is a remarkable. track round the Heavens,. called the 
Milky Way from its peculiar whitenefs, which 1s owing to a great 
number of Stars, fcattered therein; none of which can be diftin@ly 
feen without telefcopes. This track appears fingle in fome parts, in 
other; double. 

40:. There are feveral little: whitifh fpots in the Heavens, which 
appear magnified, and more luminous when feen through teélefcopes ; 
yet without any Stars in them. . ‘One of thefe is in Andromeda’s girdle, 
firft obferved 4..D. 1612, by Simon Marius; and which has fome 
whitifh rays near its middle: it is, liable to feyeral changes, and is 
fometimes invifible. Another is near the Ecliptic, between the head 
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Of Lucid Spots in the Heavens. 23 


and bow of Sagittarius : it is{mall, but very luminous. A third is on 
the back of the Centaur, which is too far South to be feen in Britain. 
A fourth, of a {maller fize, is before Autinous’s right foot; having a 
Star in it, which makes it appear more bright. A fifth is in the Con- 
ftellation of Hercules, between the Stars € and y, which fpot, though 
but fmall, is vifible to the bare eye if the {ky be clear and the Moon 
abfent. 
402. Cloudy Stars are fo called from their mifty appearance. ‘They Cloudy Stars. 
look like dim Stars to the naked eye; but through a telefcope they 
appear broad illuminated parts of the fky; in fome of which is one 
Star, in others more. Five of thefe are mentioned by Prolemy. 
1. One at the extremity of the right hand of Perfeus. 2. One in 
the middle of the Crab. 3. One unformed, near the Sting of the 
Scorpion. 4. The eye of Sagittarius. 5. Onein the head of Ordon. 
In the firft of thefe appear more Stars through the telefcope than in 
any of the reft, although 21 have been counted in the head of Orion, 
and above 40 in that of the Crab. ‘Two are vilible in the eye of Sa- 
gittarius without a telefcope, and feveral more with it. Flamjieed 
obferved a cloudy Star in the bow of Sagzttarius, containing many 
{mall Stars: and the Star d above Sagittary’s right fhoulder is encom- 
paffed with feveral more. Both Cafind and Flam/leed difcovered one 
between the Great and Little Dog, which is very full of Stars vifible 
only by the telefcope. The two whitifh {pots near the South Pole, 
called the Magellanic Clouds by Sailors, which to the bare eye refemble Magellanic 
part of the Milky-Way, appear through telefcopes to be a mixture of “'84 
{mall Clouds and Stars. But the moft remarkable of all the cloudy 
Stars is that in the middle of Orion’s Sword, where feven Stars (of 
which three are very clofe together) feem to fhine through a cloud, 
very lucid near the middle, but faint and ill defined about the edges. 
It looks like a gap in the fky, through which one.may fee (as-it were) 
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art of a much brighter region. Although moft of thefe fpaces are but 


a few minutes of a ‘degree in breadth, yet, fince they are among the 
fixed Stars, they muft be fpaces larger than what is occupied by-our folar 
Syftem; and in which-there feems to be a perpetual uninterrupted 
day among numberlefs Worlds which no human art ever can difcover. 
403. feveral Stars are mentioned by antient Aftronomers, which are Changes 
not now to be found; and others are now vifible to the bare eye which “~~ o 
are not recorded in the antient catalogues. Hipparchus obferved a new 
Star about 120 years before Currst; but he has not mentioned in what 
art of the Heavens it was feen, although it occafioned his making a 
catalogue of the Stars; which is the moft antient that we have. 
Hh 2 The 
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New Stars. 


Cannot be 
Comets. 


Of new Periodical Stars. 


The firtt New Star that we have any good account of, was difcovered 
by Cornelius Gemma on the 8th of November A. D. 1572, in the Chair 
of Cafliopea. It furpafled Sirius in brightnefs and magnitude; and 
was feen for 16 months fucceffively. At firft it appeared bigger 
than Yupiter to fome eyes, by which it was feen even at mid-day: after- 
wards it decayed gradually both in magnitude and luftre, until March 
1573, when it became invifible. 

On the 13th of Auguft 1596, David Fabricius obferved the Stella 
Mira, or wonderful Star, in the Neck of the Whale; which has been 
fince found to appear and difappear periodically, feven times in fix 
years, continuing in its greateft luftre for 15 days together ; and 1S 
never quite extinguifhed. 

In the year 1600, William Fanfenius difcovered a changeable Star in 
the Neck of the Swan; which, in time became fo fmall as to be 
thought to difappear entirely, till the years 1657; 1658, and 1659, 
when it recovered its former luftre and magnitude; but foon decayed, 
and is now of the fmalleft fize. : 

In the year 1604 Kepler and feveral of his friends faw a new Star 
near the heel of the right foot of Serpentarius, fo bright and fparkling 
that it exceeded any thing they had ever feen before ;- and took notice 
that it was every moment changing into fome of the colours of the 
rainbow, except when it was near the horizon, at which time it was 
generally white. It furpaffed “fupiter in magnitude, which was near it 
all the month of Oéfoder, but eafily diftinguifhed from it by a fteady 
light. It difappeared between Oéfober 1605 and the February following, 
and has not been feen fince that time. 

In the year 1670, Fuly 15, Hevelius difcovered a new Star, which 
in Oétober was fo decayed as to be fcarce perceptible. In April follow- 
ing it regained its luftre, but wholly difappeared in Auguft. In March 
1672 it was feen again, but very {mall; and has not been vifible 
fince. ) 

In the year 1686 a new Star was difcovered by Kereb, which re- 
turns periodically in 404 days. 

In the year 1672, Caffind faw a Star in the Neck of the Bull, which 
he thought was not vifible in Zycho’s time; nor when Bayer made his 
Figures. 

404. Many Stars, befides thofe above-mentioned, have been ob- 
ferved to change their magnitudes: and as none of them could ever 
be perceived to have tails, *tis plain they could not be Comets; efpe- 
cially as they had no parallax, even when largeft and brighteft. It 
would feem that the periodical Stars have vaft clufters of dark {pots, 
2 and 









































Of Changes in the Heavens. 


and very flow rotations on their Axis; by which means, they mutt 
difappear when the fide covered with {pots is turned towards us. 
And as for thofe which break out all of a fudden with fuch luftre, 
tis by no means improbable that they are Suns whofe Fuel is almoft 
fpent, and again fupplied by fome of their Comets falling upon them, 
and occafioning an uncommon blaze and fplendor for fome time: 


. e 5 
which indeed appears to be the ereatelt ufe of the cometary part of 


any fyftem*. 

Some of the Stars, particularly Aréfurus, have been obferved to 

change their places above a minute of a degree with refpect to others. 

But whether this be owing to any real motion in the Stars themfelves, 

mutt require the obfervations of many ages to determine. If our folar Some Stars 
Syftem changeth its Place, with regard to abfolute fpace, this muft in change their 
procefs of time occafion an apparent change in the diftances of the we 
Stars from each other: and in fuch a cafe, the places of the neareft 

Stars to us being more affected than of thofe which are very remote, 

their relative pofitions muft feem to alter, though the Stars themfelves 

were really immoveable. On the other hand, if our own fyftem be 

at reft, and any of the Stars in real motion, this muft vary their po- 

fitions ; and the more fo, the nearer they are tous, or the {wifter their 
motions are; or the more proper the direCtion of their motion is, for 

our perception. 

405. The obliquity of the Ecliptic to the Equino¢tial is found at The Ecliptic 
prefent to be above a third part of a degree lefs than Prolemy found it. lefs ig 
And mott of the obfervers after him found it to decreafe gradually CM 
down to Tycho’s time. fit be objected, that we cannot depend on the formeily. 
obfervations of the antients, becaufe of the incorrectnefs of their In- 
fttuments; we have to anfwer, that both Tycho and Flamficed are 
allowed to have been very good obfervers: and yet we find that Flam/teed 
makes this obliquely 27 minutes of a degree lefs than Tycho did, about 
100 years before him: and as Ptolemy was 1324 years beiore Tycho, 


* M. Maupertuis, in his diflertation on the Goures of the Celeftial Bodies (p. 61—63) 
is of opinion that fome Stars, by their prodigious quick rotations on their Axes, may 
not only affume the figures of oblate fpheroids, but that by the great centrifugal force, 
arifing from fuch rotations, they may become of the figures of mill-ftones; or be re- 
duced to flat circular planes, fo thin as to be quite invifible when their edges are 
turned towards us; as Saturn’s Ring is in fuch pofitions. But when very excentric 
Planets or Comets go round any flat Star, in Orbits much inclined to it’s Equator, ‘he 
attraction of the Planets or Comets in their perihelions muft alter the inclination of the 
Star ; on which account it will appear more or lefs large and luminous as it’s broad 
fide is more or lefs turned towards us. And thus he imagines we may account for 
the apparent changes of magnitude and luftre in thofe Stars, and likewife for their 
appearing and difappearing. 
1G 
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Y ear. 


Sidereal Year. 


Lunar Year. 


Civil Year. 





Of Changes in the Heavens. 


radual decreafe anfwers nearly to the difference of time between 
If we confider, that the Earth is not a pere 
ere, but an oblate fpheriod, having its Axis fhorter than jts 


fo the ¢g 
thefe three Aftronomers. 
ect {ph 

t 


oO 
oreal diameter ; and that the Sun and Moon are conftantly acting 


obliquely upon the greater quantity of matter about the Equator, pull- 
ing it, as it were, towards a nearer and nearer co-incidence with the 
Ecliptic ; it will not appear improbable that thefe actions fhould ora 
dually diminifh the Angle between thofe Planes. Nor is it lefs pro- 
bable that the mutual attraCtions of -all the Planets thould have a 
tendency to bring the planes of all their Orbits to a co-incidence : but 
this change is too {mall to become fenfible in many ages. 
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Of the Divifion of Time. A perpetual Table of New 
Moons. Ihe Times of the Birth and Death of Curis. 


A Table of remarkable ALras or Events. 


40 .7EXHE parts of time are Seconds, Minutes, Hours, Days, Years, 
A Cycles, Ages, and Periods. ; 

407. The original ftandard, or integral meafure of Time, isa year; 
which is determined by the Revolution of fome Celeftial Body in 
its Orbit, vz. the Suz or Moon. 

408. The time meafured by the Sun’s Revolution in the Ecli tic, 
from any Equinox or Solftice to the fame again, is called the Solar or 
Tropical Year, which contains 365 days 5 hours 48 minutes 57 de- 
conds; and is the only proper or natural year, becaufe it always keeps 
the fame feafons to the fame months. 

409. The quantity of time, meafured by the Sun’s Revolution -as 
from any fixed Star to the fame Star again, is called the Sidereal Year ; 
which contains 365 days 6 hours g minutes 141 feconds; and is 20 
minutes 172 feconds longer than the true Solar Year. 

410. The time meafured by twelve Revolutions of the Moon, from 
the Sun to the Sun again, is called the Lunar Year ; it contains 354 days 
8 hours 48 minutes 37 feconds; and is therefore 10 days 21,hours © 
© minutes 20 feconds fhorter than the Solar Year. ‘This is the foun- 
dation of the Epac. 

411. The Civil Year is that which is in common ufe amoiig the 
different nations of the world ; of which, fome reckon by the Lunar, 
but moft by the Solar. The Civil Solar Year contains 365 days, for 
three 








































Of the Divifion of Time. 


three years running, which are called Common Years; and then comes 
in what is called the Biffextile or Leap-Year, which contains 366 
days. This is alfo called the Yulian Year on account of “fulius Cafar, 
who appointed the Intercalary-day every fourth year, thinking thereby 
to make the Civil and Solar Year keep pace together. And this day, 
‘being added to the 23d of February, which in the Roman Calendar, 
was the fixth of the Calends of March, tbat fixth day was twicereckoned, 
or the 23d and 24th were reckoned as one day; and was called Brs 
jfextus dies, and thence came the name Biffextile for that year. But in 
our common Almanacks this day is added at the end of February. 
412. The Civil Lunar Year is alfo common or intercalary. ‘The Lunar Year. 

common Year confifts of 12 Lunations, which contain 354 days; 
at the end of which, the year begins again. The Intercalary, or 
Embolimic Year is that wherein a month was added, to adjuft the 
Lunar Year to the Solar. ‘This method was ufed by the ‘Jews, who 
kept their account by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called Ve-ddar, every 
third year, they fell 33 days fhort of the Solar Year in that time. 
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413. The Romans alfo ufed the Lunar Embolimic Year at firft, as it Roman Year. 
was fettled by Romulus their firft King, who made it to confift only 
of ten months or Lunations; which fell 61 days fhort of the Solar 
Year, and fo their year became quite vague and unfixed; for which 
teafon, they were forced to have a Table publifhed by the High Prieft, 
to inform them when the fpring and other feafons began. But Yulus 


a1 


Cafar, as already mentioned, § 411, taking this troublefome affair 
‘nto confideration, reformed the Calendar, by making the year to 
confift of 365 days 6 hours. 1 

414. The year thus fettled, is what we ftill make ufe of in Brita : The original 


but as it is fomewhat more than 11 minutes longer than the Solar eae a 

Tropical Year, the times of the Equinoxes go backward, and fall earlier gryie, 

by one day in about 130 years. In the time of the Nicene Council 

(A. D. 325.) which was 1431 years.ago, the vernal Equinox fell on 

the 21ft of March: and, if we divide 1431 by 130, it will quote 

11, which isthe number of days the Equinox has fallen back fince 

the Council of Nice. This caufing great difturbances, by unfixing the 

times of the celebration of Eaffer, and confequently of all the other 
ory the 13th, in the year 1582 ordered - 

ten days to be at once truck out of that year; and the next day after ’ 

the fourth of Ocfober was called the fifteenth. By this means the 

vernal Equinox was reftored to the 21ft of March; and it was en- 

deavoured, by the omiffion of three intercalary days in 400 a 


moveable Feafts, Pope Greg 
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Months. 


Of the Divifion of Time. 


to make the civil or political year keep pace with the Solar for time 
to come. ‘This new form of the year is called the Gregorian Account 
or New Style; which is received in all Countries where the Pope’s 
Authority is acknowledged, and ought to be in all places where 
truth is regarded. 

415. The principal divifion of the year is into Months, which are 
of two forts, namely 4/fronomical and vil. The Aftronomical month 
is the time in which the Moon runs through the Zodzac, and 1s 
either Periodical or Synodical. "The Periodical Month is the time {pent 
by the Moon in making one compleat Revolution from any point of 
the Zodiac to the fame again; which is 27° 7° 43". The Synodical 
Month, called a Lunation, is the time-contained between the Moon’s 
parting. with the Sun at a Conjunction, and returning to him again ; 
which is in 29’ 12° 44. The Civil Months are thofe which .are 
framed for the ufes of Civil life; and are different as to their names, 
number of days, and times of beginning, in feveral different Countries. 
The firft month of the Yew7/h Year fell according to the Moon in 
our Auguft and September, Old Style; the fecond in September and 
Odfober, and fo on. The firft month of the Egyptzan Year began on 
the 29th of our Augufi. The firft month of the Arabic and Turkif/b 
Year began the 16th of Fuly. The firft month of the Grecian Year fell 
according tothe Moon in Sune and “fuly, the fecond in Fuly and dugu/t, 


and fo on, as in the following Table. 








Days}} N° 
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The Jewifh year. 











The Egyptian year. Days 
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y | Tifri -—_————. Aug. —Sept.| 30 I Auguit 29] 30 

2 |Marchefvan — Sept. —O& | 29 2 |Paophi Septemb. 28| 30 

3 |Caflen —_——-—— O&. —Nov.| 30 3 | Athir —————--——— Odtober. 28] 30 

4 |Tebeth - Nov. —Dec.} 29 4 | Chojac -— Novemb.27] 30 

5 |Shebat --———---— Dec. —Jan. | 30 |] 5 Tybi - Decemb. 27] 30 

6 | Adar _ Jan. —Feb.| 29 6 | Mechir - January 26] 30 

+ |Nifan or Abib ——— Feb. —Mar.| 30 7 |Phamenoth - Februar.25| 30 

8 | Jiar Mar. —Apr.} 29 8 | Parmuthi ——————- March 27] 30 

g | Sivan —————-—— April —May| 30 g |Pachon -- April 26] 30 

ro | Tamuz - May —June| 29 |}10 |Payni ——— May 26} 30 
ir | Ab —-———- June —July | 30 |{11 |Epiphi june” 2ti- 30 
12 | Elu! —_———----—- July —Aug.| 29 | 12 Mefori July = 25] 30 
Days in the year - 354 Epagomene or days added —————}  § 





In the Embolimic year after Adar they added a 
month called Ve-Adar of 30 days. 


Days in the year 
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IN ‘| The Arabic and Turki/b year. N° The ancient Grecian_year. Days 
I | Muharram July 16 1 | Hecatombzon — June —July | 30° 
2 |Saphar ————--—— Auguft 15 2 |Metagitnion - July —Aug.| 29 
3 |Rabia I. ——--——— Septemb. 13 3 |Boedromion — Aug. —Sept.] 3° 
4, | Rabia If. — Oftober. 13 4 |Pyanepfion ——-—— Sept. —O&. | 29 
5 |Jomada I. - Novemb. 11 5 |Mzmacterion - O&, —Nov.]| 3° 
6 | Jomada II. Decemb, 11 6 |Pofideon —————— Nov.-—Dec.} 29 
7 |Rajab January 9 7 |Gamelion —————— Dec. —Jan. | 3° 
§ |Shafban ———- February 8 8 | Anthefterion -———— Jan. —Feb. | 29 
g |Ramadan —————~ March 9 Elapheloblion Feb. —Mar.} 3° 

10 |Shawal —— April 8 Munichion - Mar. —Apr.} 29 

11 |Dulhaadah May 7 Thargelion April —May 

12 | Dulheggia — June 5 Schirrophorion —-- May —June 



































Days in the year 
hich keep the fame months to the fame 





Days in the year 


The Arabians add 11 days at theend of every year, Ww 
feafons. 


Mean ties Pet i tS Oe ee 

416. A month is divided into four parts called Weeks, and a Week Weeks. 
into feven parts called Days; fo that in a Sultan Year there are 13 
fach Months, or 52 Weeks, and one Day over. The Gentiles gave 
the names of the Sun, Moon, and Planets to the Days of the Week. 

To the firft, the Name of the Sun; to the fecond, of the Moon; to 
the third, of Mars; to the fourth, of Mercury; to the fifth, of fupiter; 
and to the fixth, of Saturn. 

417. A Day is either Natural or Artificial. The Natural Day 
contains 24 hours; the Artificial the time from Sun-rife to Sun-fet. 
The Natural Day is either Aftronomical or Civil. 'The Aftronomical 
Day begins at Noon, becaufe the increafe and decreafe of Days 
terminated by the Horizon are very unequal among themfelves; 
which inequality 1s likewife augmented by the inconftancy of the 
horizontal Refractions § 183: and therefore the Aftronomer takes 
the Meridian for the limit of diurnal Revolutions ; reckoning Noon, 
that is the inftant when the Sun’s Center 1s on the Meridian, for the 
beginning of the Day. The Britifh, French, Dutch, Germans, Spa- 
niards, Portugueje, and Fogyytians, begin the Civil Day at mid-night : 
the antient Greeks, “ews, Bohemians, Silefians, with the modern fta- 





Days. 


Hians, and Chinefe, begin it at S 


un-fetting : And the antient Babylonians, 


Perfians, Syrians, with the modern Greeks, 
418. An Hour is a certain determinate p 
equal or unequal. An equal Hour is the 


at Sun-rifing. 
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motion in it § 224—245. Unequal Hours-are thofe by which the 
Artificial .Day is divided into twelve Parts, and the Night into as 
many. 
Minutes, Se- 419. An Hour is divided into 60 equal parts called Minutes, a mi- 
aa nute into 60 equal parts called Seconds, and thefe again into 60 equal 
ae parts called Thirds. The ‘ews, Chaldeans, and Arabians, divide the 
Hour into 1080 equal parts called Scruples ; which number contains 
18 times 60, fo that one minute contains 18 Scruples. 
Cycles, ofthe 420. A Cycle is a perpetual round, or circulation of the fame parts 
whi epee, of time of any fort. The Cycle of the Sun is a revolution of 28 years, 
in which time, the days of the months return again to the fame days 
of the week; the Sun’s Place to the fame Signs and Degrees of the 
Ecliptic on the fame months and days, fo as not to differ one degree 
in 100 years; and the leap-years begin the fame courfe over again with 
refpect to the days of the week on which the days of the months fall. 
The Cycle of the Moon, commonly called the Golden Number, is a re- 
volution of 19 years; in which time, the ConjunCtions, Oppofitions, 
and other Afpeéts of the Moon are within an hour and half of being 
the fame as they were on the fame days of the months 19 years before. 
The Indiétion is a revolution of 15 years, ufed only by the Romans 
for indicating the times of certain payments made by the fubjects to the 
republic: It was eftablifhed by Conffantine, A.D. 312. 
Tofindthe 421. The year of our Saviour’s Birth, according to the vulgar /Era, 
alg thefe was the gth year of the Solar Cycle; the firft year of the Lunar Cycle ; 
ty and the 312th year after his birth was the firft year of the Roman Indic- 
tion. ‘Therefore, to find the year of the Solar Cycle, add g to any 
given year of CurisT, and divide the fum by 28, the Quotient is the 
number of Cycles elapfed fince his’ birth, and the remainder is the 
Cycle for the given year: if nothing remains, the Cycle is 28. To 
find the Lunar Cycle, add 1 to the given year of CurisT, and divide 
the fum by 19; the Quotient is the number of Cycles elapfed in the 
interval, and the remainder is the Cycle for the given year: if nothing 
remains, the Cycle is 19. Laftly, fubtract 312 from the given year 
of CurrsT, and divide the remainder by 15; and what remains after 
this divifion is the Indi¢tion for the givenyear: if nothing remains, the 
Indiction is 15. 
fate yi 422. Although the above deficiency in the Lunar Cycle of an hour 
Lunar Cycle, #04 half every 19 years be but {mall, yet in time it becomes fo fenfible 
and confe- as to make a whole Natural Day in 310 years. So that, although this 
Bee there- Cycle be of ufe, when rightly placed againft the days of the month 
in the Calendar, as in our Common Prayer Books, for tinding the days 
2 of 
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of the mean Conjunétions or Oppofitions of the Sun and Moon, and 
confequently the time of Eafer; it will only ferve for 310 years Old Style. 
For as the New and Full Moons anticipate a day in that time, the 
Golden Numbers ought to be placed one day earlier in the Calendar 
for the next 310 years to come. Thefe Numbers were rightly placed 
againft the days of New Moon in the Calendar, by the Council of 
Nice, A.D, 325; but the anticipation which has been neglected ever 
fince, is now grown almoft into 5 days: and therefore, all the Golden 
Numbers ought now to be placed 5 days higher in the Calendar for the 
O.S. than they were at the time of the faid Council; or fix days lower 
for the New Style, becaufe at prefent it differs 11 days from the Old. 


< 


oat =lelalslyleialyelolals 423. IntheannexedTabie, 
SIPS] PST Eye Peis dF 212])5| the Golden Numbers under 
w e ° 
cl la uh pin el od Aa ping fo an dd al the months ftand againft the 
ri} 9} | 9}17} 417] 6 1] [19] days of New Moon in the left 
- 'T Olaf aay) 322 bo tte hand col for the M 
atlial olred 6 Se ial wi bicd We and column, for the New 
| ait 6 6]r4} 14} 3 19] 8| 116] Style; adapted chiefly to the 
ce | wak'y uns Fake: AE aca oats tea he ue > a6 _|  fecond year after leap-year as 
6lhra} 3)14| 3 19 16| s| 5| being the neareft mean for all 
Z 3 ce peaee: 9 : : 16 13} the four; and will ferve till 
It 19 16} 5 13 
sae dre SHARE O°] 2} the year 1900. Therefore, 
} 10 19] Sf 8} 16] 16} 5] 13 2}10 to find the day of New Moon 


in any month of a given year 


12|| 8]16| 8}16]16] 5 rol |1g| till that time, look for the 
Rell 5|13]13) 2/10) [181 71 Golden Number of that year 
¥e zs ‘ ui el uciue i Saal na ‘ 7),,| under the defired month, and 
i— 1} —|— | —|—|—|—|— | — | -|- |] - againft it, you have the day 
ne . 13 A. 2) 10) 19 fe ae . i of New Moon in the left 
13 2 2/10} 10/18 15 2 12 hand column. Thus, fup- 
#19 10 18} 7] 7415] 4) 4) 72 pofe it were required to find 
20|{10]18}10} 18 15 L25 BU LT ‘ 

wie by pi en| ae | Eo ll al § a the day of New Moon in 
bori{ | |38) 7) 7/45 4|12 9| September 1757; the Golden 
ie Hf iM ae ie 21,,, Number for that year is 10, 
l24 15{ 4] 4|12 1] 9 ‘| 6| which I look for under Sep- 
j25|}5) 4 12} | tT] -9/ 17/17] © tember and right againft it in 
1) bo sled eC) Gea Ok eA the left hand column I find 
27 12 1} 1] of of17] 6} {x4 13, which is the day of New 
pe ee a dee AZ bh iat é 3] 3} Mooninthatmonth. NV. B. 
73 4 17] 6{ 6hral 3] {41 If all the Golden pen oo 
a | Be eae SG el ae ad A do —| except 17 and 6, were iet 
Eg | ed OO et ISR AG ey orie a lower in the Table, 
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it would ferve from the beginning of the year 1900 till the end of the 
year 2199. The firft Table after this chapter fhews the Golden Num- 
ber for 4000 years after the birth of CuristT, by looking for the even 
hundreds of any given year at the left hand, and for the reft to make 
up that year at the head of the Table; and where the columns meet, 
you have the Golden Number (which is the fame both in O/d and New 
Style) for the given year. Thus, fuppofe the Golden Number was 
wanted for the year 1757; I look for 1700 at the left hand of the 
Table, and for 57 at the top of it; then guiding my eye downward 
from 57 to over again{t 1700, I find 10, which is the Golden Number 
for that year. 

424. But becaufe the lunar Cycle of rg years fometimes includes 
five leap-years, and at other times only four, this Table will fome- 
times vary a day from the truth in leap-years after February. And 
it is impoffible to have one more correct, unlefs we extend it to four 
times 19 or 76 years; in which there are 19 leap years without a 
remainder. But even then to have it of perpetual ufe, it muft be 
adapted to the Old Style, becaufe in every centurial year not divifible by 
4, the regular courfe of leap-years is interrupted in the News; as will 
be the cafe inthe year 1800. Therefore, upon the regular O/d Style 
plan, I have computed the following Table of the mean times of all 
the New Moons to the neareft hour for 76 years; beginning with the 
year of CurisT 1724; and ending with the year 1800. 

This Table may be made perpetual, by deducting 6 hours from the 
time of New Moon in any given year and month from 1724 to 1800, 
in order to have the mean time of New Moon in any year and month 
76 years afterward; or deducting 12 hours for 152 years, 18 hours 
for 228 years; and 24 hours for 304 years, becaufe in that time the 
changes of the Moon anticipate almoft a complete natural day. And 
if the like number of hours be added for fo many years paft, we fhall 
have the mean time of any New Moon already elapfed. Suppofe, for 


example, the mean time of Change was required for January 1802 ; 


deduct 76 years and there remains 1726, again{t which in the following 
Table under ‘fanuary 1. find the time of New Moon was on the 2i1ft 
day at 11 in the evening: from which take 6 hours and there remains 
the 21ft day at 5 inthe evening for the mean time of Change in anuary 
1802. Or, if the time be required for May, A. D. 1701, add 76 
years and it makes 1777, which I look for in the Table, and againft it 
under May I find the New Moon in that year falls on the 25th day at 
g in the evening ; to which add 6 hours, and it gives the 26th day at . 
3 in the Morning for the time of New Moon in May, A. D. 1701. 
By 
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By this addition for time paft, or fubtragtion for time to’come, the 
Table will not vary 24 hours from the truth in lefs than 14 592 years. 
And if, inftead of 6 hours for every 76 years, we add or fubtra& only 
5 hours 52 minutes, it will not vary a day in 10 millions of years. 


Although this Table is calculated for 76 years only, and according 
to the Old Style, yet by means of two eafy Equations it may be made 
to anfwer as exactly to the New Style, for any time tocome. Thus, 
becaufe the year 1724 in this Table is the firit year of the Cycle for 
which it is made; if from any yearof Curist after 1800 you fub- 
tract 1723, and divide the overplus by 76, the Quotient will thew how 
many entire Cycles of 76 years are élapfed fince the beginning of the 
Cycle here provided for; and the remainder will thew the year of the 
current Cycle anfwering to the given year of CurisT. Hence, if the 
remainder be ‘o, you muft inftead thereof put 76, and leffen the 
Quotient by unity. . 

Then, look in-the left hand column of the Table for the number 
in your remainder, and againft it you will find the times of all the 
mean New Moons in that year of the prefent Cycle. And whereas 
in 76 “fulian Years the Moon anticipates 5 hours §2 minutes, -if there- 
fore thefe 5 hours 52 minutes be multiplied by the above found Quo- 
tient, that is, by the: number of entire Cycles paft’; the produc fub- 
racted from the times in the Table will leave the corrected - times 
of the New Moons to the O/d Style; which may be reduced to the 
New Style thus: 

Divide the number of entiré hundreds in the given yeat of ‘CHRIST 
by 4, multiply this Quotient by 3, to the produét add the remainder, 
and from their fum fubtract 2: this laft remainder denotes the number 
of days to be added to the times above corrected, in order to reduce 
them to the New Style. The reafon of this is, that every 400 years 
of the New Style gains 3 days upon the Old Style: one of which it 
gains in each of the centurial years fucceeding that which is exactly 
divifible by 4 without remainder; but then, when you have found 
the days fo gained, 2 muft be fubtracted from their number on account 
of the rectifications made in the Calendar by the Council of Nice, and 
fince by Pope Gregory. It muft alfo be obferved, that the additional 
days found as above directed do not take place in the centurial Years 
which are not multiples of 4 till February 29th, O. 8. for on that day 
begins the difference between the Styles; till which day therefore, 
. thofe that were added in the preceding years muft be ufed. The 


following Example will make this accommodation plain. . 
2 Required 
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Required the mean time of New Moon in June, A.D. 1909, N.S. 


From 1909 take 1723 Years, and there rem. 
Which divided by 76, gives the Quotient 2 


and the remainder  —"— >= _ ——- 


Then, againft 34 in the Table is ‘fume 5° 


And 5° 52™ multiplied by 2 make to be fubtr. 
Remains the mean time according to the O// 
Style, “fune 
Entire hundred. in 1909.are 19, which di- 
vided by 4, quotes — — — 
And leaves a remainder of -—— 





Which Quotient multiplied by 3 makes 12, | 


and the remainder added makes as 
From which fubtraét 2, and there remains 
Which number of days added to the above 


time O/d Style, gives Fune .——- . ——=- 18° 





o™ Afternoon. 
44 


g° 16" Morning, 


~~ 


4. 
3 


15 
i 


g® 16™ Morn.N.S. 


So the mean time of New Moon in Yune 1909 New Styleis the 18th 


day at 16 minutes paft 9 in the Morning. 


If 11 days be added to the time of any New Moon in this Table, 
it will give the time thereof according to the New Style till the year 
1800. And if 14 days 18 hours 22 minutes be added to the mean 
time of New Moon in either Style, it will give the mean time of the 


next Full Moon according to that Szyé. 


Of the Divifion of Time. 


|3|4 Tasce /hewing the times of all the mean Changes of the Moon, to oe neare/t Hour, 


2) 
=| _ through four Lunar Periods, or 76 ne M fgnijes morning, A afternoon. 
oe |Z January February March | “April ay : ‘ Auguf Sept. October |Novemb.| Decemb. 
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8Mi 9, 9 Aftt gM go f { 2M 2 
EM)28° 7 Alzg 7Mi27 Al27 / 9 ol \ Vj 12 Ajzo 
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11 A} 6. oAl/8 iM} 6 f fj / j J, 7Miz8 8 Aj28 
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2A) 3- 3Ml 4 4Al 3 | 10 Aj25 
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i gMI12 j \ \ f 3 Al 4 4M 3 
5 et) ; { 1Ajzz  2Miz1 
6A 30 . 

3Mj18 = 4Ajz20. 4 I \ f 10oMij10 
11M] 7 12 Aj 9 / A 8Mj2z9 
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10 Alz8 11Mjzg p 4 3Alz3  3Mi22° 4 Alar 
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TABLE of the mean New Moons concluded. 
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I A 
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oAlig 1Mj17 2A}t7 aMlbs 3Aj15 4Ml13 5 Ajiz. 6Mi11 GAlilo 7Mlg 8A 
roMjs 11 Aj} 5 11M) 3-12 Aj 3 PAL >A? 3Miz9 44/28 sMiz7 5A 
oMiz4 8Aj24 She 9g Aj2z2 10oMiz0 11 Ajig 11M|18 12 Altz7 1 Al17 2M 
4A4. sMirz, 5 Ait2 -4Mjr1. 7 Alto 8 8A} 8 9oM| 610A] 6 11M 
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The year 1800 begins a new Cycle, 
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425. The Cycle of Eafter, alfo called the DionyfianPeriod, is a revo- Ea/er Cycle, 
lution of 532 years, found by multiplying the Solar Cycle 28 by the ¢efcient. 
Lunar Cycle 19. If the New Moons did not anticipate upon’ this 
Cycle, Hafler-Day would always be the Sunday’next after the firft 
Full Moon.which fucceeds the 2ift of March.” But, on account of 
the above anticipation § 422, to which no proper regard was had be- 
fore the late alteration of the Style, the Ecck/fiaftic Eafter has feveral 
times been a week different from the true Ea/fer within this laft Cen- 
tury: which inconvenience is now remedied by making the Table 
which ufed to find Eafter for ever, in the Common Prayer Book, of 
no longer ufe than the Lunar difference from the New Svyle will ad- 
mit of. 

426. The carhef? Eafter poffible is the 22d of March, the late? the 
25th of 4pri/. Within thefe limits are 35 days, and the number be- 
longing to each of them is called the Number of Direétion; becaufe 
thereby the time of Eafter is found for any given year. To find the 
Number of Direction, according to the New Style, enter Table V. Number of 
following this Chapter, with the compleat hundreds of any given year at Dietion. 
the top, and the years thereof (ifany) below an hundred at the left hand; 
and where the columns meet is the Dominical Letter for the given 
year. Then, enter'Table I, with the compleat hundreds of the fame 
year at the left hand, and the years below an hundred at the top; and 
where the columns meet is the Golden Number for the fame year. 

Laftly, enter ‘Table II with the Dominical Letter at the left hand and 
Golden Number at the top; and where the columns meet is the 
Number of Direction for that year; which number, added to the 21 
day of March fhews on what day either of March or April Eatter 
Sunday falls in that year. Thus, the Dominical Letter New Svyle for 
the year 1757 is B (Table XVII) and the Golden Number is 10, 
(Table I) by which in Table I, the Number of Direction is found to 
be 20; which, reckoned from the 21{t of March, ends on the 1oth of 
April, and that is Hafler Sunday in the year 1757. N.B. There are To find the 
always two Dominical Letters to the leap-year, the firft of which "ve 44 
takes place to the 24th of February, the laft for the following part of 
the year. 

427. The firft feven Letters of the Alphabet are commonly placed in 
the annual Almanacks to fhew on what days of the week the days of 
the months fall throughout the year. And becaufe one of thofe feven Dominica} 
Letters muft neceffarily ftand againft Sunday it is printed in a capital 1° 
form, and called the Dominical Letter : the other fix being inferted in 
{mall characters to denote the other fix days of the week. Now, 

Kk fince 
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fince a common ‘fulian Year contains 365 Days, if this number be 
divided by 7 (the number of days in a week) there will remain one 
day. Ifthere had been no remainder, ‘tis plain the year would con- 
{tantly begin on the fame day of the week. But fince one remains, 
‘tis as plain that the year muft begin and end on the fame day of 
the week; and therefore the next year will begin on the day fol- 
lowing. Hence, when ‘fanuary begins on Sunday, A is the Do- 
minical or Sunday Letter for that year: then, becaufe the next year 
begins on Monday, the Sunday will fall on the feventh day, to 
which is annexed the feventh Letter G, which therefore will be the 
Dominical Letter for all that year: and as the third year will begin 
on Tuefday, the Sunday will fall on the fixth day ; therefore F will be 
the Sunday Letter for that year. _Whence ’tis.evident that the Sunday 
Letters will go annually in a retrograde order thus, G,F,E,D,C,B, A. 
And in the courfe of feven years, if they were all common ones, the 
fame days of the week and Dominical Letters would return to the 
fame days of the months. . But becaufe there are 366 days in a leap- 
year, if this number be divided by 7, there will remain two days over 
and above the 52 weeks of which the year confifts, And therefore, 
if the leap-year begins on Sunday, it willend on Monday ; and the next 
year will begin on Twefday, the firft Sunday whereof muft fall on the fixth 
of ‘fanuary, to which is annexed the Letter F, and not G as in com- 
mon years. By this means, the leap-year returning every fourth year, 
the order of the Dominical Letters is interrupted; and the Series does 
not return to its firft ftate till after four times feven, or 28 years: and 
then the fame days of the month return in order to the fame days of 
the week. 

428. To find the Dominical Letter Jor any year either before or afier the 
Chriftian Hira*: In Table WI or IV. for Od Style, or V for New 
Style, look for the hundreds of years at the head of the Table, and 
for the years below an hundred (to make up the given year) at the 
Jeft hand: and where the columns meet you have the Dominical 
Letter for the year defired. Thus, fuppofe the Dominical Letter be 
required for the year of CuristT 1758, New Style, I look for 1700 at 
the head of Table V, and for 58 at the left hand of the fame Table; 
and in the angle of meeting, I find 4, which is the Dominical Letter 
for that year. If it was wanted for the fame year O/d Style, it would 
be found by TableIV to be D. But #0 find the Domitical Letter 


jor any given year before CurisT,. fubtract one from that year and 


then proceed in all refpects as juft now taught, to find it by Table III. 


* See this word explained in the note at the foot of page 194. 
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Thus, fuppofe the Dominical Letter be required for the 58sth year 
before the firft year of Curist, look for foo at the head of Table III, 
and for 84 atthe left hand; in the meeting of thefe columns is FE, 
which were the Dominical Letters for that year, and fhews that it was 
a leap-year ; becaufe, leap-year has always two Dominical Letters, 


429. To find the day of the month anfwering to any day of the week, To find the 


Qa Days of the 


or the day of the week anfwering to any day of the month ; for any year paft ; 
or to come: Having found the Dominical Letter for the given year, 
enter Table VI, with the Dominical Letter at the head ; and under it, 
all the days in that column to the right hand are Sundays, in the divifions 
of the months ; the next column to the right are Mondays; the next, 
Tuefdays ; and fo onto the laft column under G, from which go back to 
the column under 4, and thence proceed towards the right hand 
as before. Thus, in the year 1757, the Dominical Letter New Style 
is B, in Table V, then in Table VI all the days under B are Sundays 
in that year, vz. the 2d, oth, 16th, 23d, and 30th of Yanuary and 
Oétober; the 6th, 13th, 20th, and 27th of February, March and 
November; the 3d, roth, and 17th, of Apri and “fuly, together with 
the 3 1ft of Fuly: and fo on to the foot of the column. Then, of 
courfe, all the days under C on Mondays, namely the 3d, roth, Ge. 
of Fanuary and Odtober ; and fo of all the reft in that column. If the 
day of the week anfwering to any day of the month be required, it is eafily 
had’ from the fame Table by the Leiter that ftands at the top of the 
column in which the given day of the month’ is found. Thus, the 
Letter that ftands over the 28th of May is 4; and in the year 585 
before CarisT the’ Dominical Letter was found to be FE § 428; 
which being a leap-year, and & taking place from the 24th of February 
to the end of that year, fhews by the Table that the 25th of May was 
ona Sunday; and therefore the 28th muft have been on a Wednefday : 
for when EF ftands for Sunday, F muft ftand for Monday, G for Tuef- 
day, A for Wednefday, B for Thurfday, Cfor Friday, and D for Satur- 
day. Hence, as it appears that the famous Eclipfe of the Sun foretold 
by Tuares, by which a peace was brought abotit between the Medes 
and Lydians, happened on the 28th of May, in the 585th year before 
CurisT, it certainly fell on a Wednefday. 


430. From: the multiplication of the Solar Cycle’ of 28 years into! Julian Period. 


the Lunar Cycle of 19 years, arifes the great ‘fulian Period confifting: of 
7980 years ; which had its beginning 764 years before the fuppofed year 
of the creation (when all the three Cycles began together) and is not yet 
_compleated, and therefore itcomprehends all other Cycles, Periods and 


‘Eras. There is but one year in‘the whole Period which has the fame 
K k 2 numbers 
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Of the Times of the Birth and Death of Curis. 


numbers for the three Cycles of which it is made up: and therefore, if 
hiftorians had remarked in their writings the Cycles of each year, there 
had been no difpute about the time of any action recorded by them. 

To find the 431. The Dzonjfian or vulgar Aira of Curist’s birth was about the 
ear of this end of the year of the Fulian Period 4713; and confequently the firft 
olan year of his age, according to that.account, was the 4714th year of 

the {aid Period. ‘Therefore, if to the current year of CurisT we add 
4713, the Sum will be the year of the ‘fulian Period. So the year 
1757 will be found to be the 6470th year of that Period. Or, to 
find the year of the ‘fulian Period anfwering to any given year before 
the firft year of Curist, fubtraét the number of that given year from 
4714, and the remainder will be the year of the Yulian Period. ‘Thus, 
the year 585 before the firft year of Curisr (which was the 584th 
before his birth) was the 4129th year of the faid Period. Laftly, to 
find the Cycles of the Sun, Moon, and Indi@tion for any given year 

And wis a of this Peried, divide the given year by 28, 19, and 15; the three 

aes oes" remainders will be the Cycles fought, and the Quotients the numbers 
of Cycles run fince the beginning of the Period. So in the above 
4714th year of the Yulian Period the Cycle of the Sun was 10, the 
Cycle of the Moon 2, and the Cycle of Indiction 4; the Solar Cycle: 
having run through 168 courfes, the Lunar 248, and the Indiéttion are. 


432. The vulgar Aéra of Curtst’s birth was never fettled till the 
year 527; when Deonyfius Exiguus, a Roman Abbot, fixed it to the 
end of the 4713th year of the ‘Yulian Period; which was certainly: four’ 

Thetrue Era years too late. For, our Saviour was undoubtedly born before the 
oa '**® Death of Hered the Great, who fought to kill him as foon as he heard 
A of his birth. And, according to. the teftimony of Yofephus (B. xvii. 
c. 8.) there was an eclipfe of the Moon in the time of Herod's lat 
ilinefs: which very eclipfe our Aftronomical Tables thew to have 
been in the year of the ‘fulian Period 4710, March 13th, 3 hours 21 
minutes after mid-night, at ferufalem. Now, as our Saviour muft 
have been born fome months before Herod’s death, fince in the interval. 
he was carried into figypt ; the lateft time in which we can poflibly 
fix the true 4#ra of his birth is about the end of the 4709th year of 
the *fulian Period. And this is four years before the vulgar tre 
thereof. 

In the former edition of this book, I endeavoured to afcertain the 

The time of time of Curist’s death; by fhewing in what year, about the reputed. 
paras time of the Paffion, there was a Paflover Full Moon on a Friday: on 
ie which day of the week, and at the time of the Pafloyer, it is evident 
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from Mark xv. 42. that our Saviour was crucified. And in com- 
puting the times of all the Paffover Full Moons from the zoth to the 
4oth year of CurisT, after the Yewi/b manner, which was to add 14 
days to the time when the New Moon next before the Paflover was 
firft vifible at "ferufalem, in order to have their day of the Paffover Full 
Moon, I found that the only Paffover Fuli Moon which fell on a 
Friday, in all that time, was in the year of the Fultan Period 4746, on 
the third day of April: which year was the 33d year of Curist’s age, 
reckoning from the vulgar Aira of his birth, but the 37th counting from 
the true ira thereof: and was alfo the laft year of the 402d Olympiad *, 
in which very year Phblegon an Heathen writer tells us, there was the 
moft extraordinary Exclipfe of the Sun that ever was known, and that it 
was night at the fixth hour of the day. Which agrees exactly with the 
time that the darknefs at the crucifixion began, according to the three 
Evangelifts who mention it--: and therefore muft have been the very 
fame darknefs, but miftaken by Phl/egon for a natural Eclipfe of the 
Sun; which was impoflible on two accounts, 1. becaufe it was at the 
time of Full Moon; and 2. becaufe whoever takes the pains to calcu- 
late, will find that there could be no regular and total Eclipfe of the 
Sun that year in any part of fudea, nor any where between Yerufalem 
and Egypt: fo that this darknefs muft have been quite out of the com- 
mon courfe of nature. 

From the co-incidence of thefe characters, I made no doubt of 
having afcertained the true year and day of our Saviour’s death. 
But having very lately read what fome eminent authors have wrote on 
the fame fubject, of which I was really ignorant before; and heard 
the opinions of other candid and ingenious enquirers after truth (which 
every honeft man will follow wherever it leads him) and who think 
they have {trong reafons for believing that the time of Curist’s death 
was not in the year of the ‘fu/zan Period 4746, but in the year 4743 ; 
I find difficulties on both fides, not eafily got over: and fhall there- 
fore ftate the cafe both ways as fairly as I can; leaving the reader to 
take which fide of the Queftion he pleafes. 

Both Dr. Prideaux and Sir Jfaae Newton are of opinion that 
Daniel's feventy weeks, confifting of 490 years (Dan. chap. ix. v.23—26) 
began with the time when Ezra received his commiffion from Artax- 
erxes to go to ‘Yerufalem, which was in the feventh year of that King’s 
reign (Ezra ch, vil. v. 11—26) and ended with the death of CurisT. 
For, by joining the accomplifhment of that prophecy with the expia- 
tion of Sin, thofe weeks cannot well be fuppofed to end at any other 


* See thenote on $323. 9 + Matt. xxvii. 45. Mark xv. 43. Lukexxiil. 44. 
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time. And both thefe authors agree that this was Artaxerxes Longi- 
manus, not Artaxerxes Mnemon. The Doétor thinks that the laft of 
thofe annual weeks was equally divided between ‘Yobn’s miniftry and 
Curist’s. And, as to the half week, mentioned by Damzel chap. ix. 
v.27. Sir I/aac thinks it made no part of the above feventy ; but only 
meant the three years and an half in which the Romans made- war 
upon the ‘Yews from fpring in 4. D. 67 to autumn in 4. D. 70, when 
a final Period was put to their facrifices and oblations by deftroying 
their city and fanétuary, on which they were utterly difperfed. Now, 
both by the undoubted Canon of Prolemy, and the famous Aira of 
Nabonaffar, which is fo well verified by Eclipfes that it cannot deceive 
us, the beginning of thefe feventy weeks, or the feventh year of the 
reien of Artaxerxes Longimanus, is pinned down to the year of the 
“fulian Period 4256: from which count 490 years to the death of 
CuristT, and the fame will fallin the above year of the fuian Period 
474.6: which would feem to afcertain the true year beyond difpute. 
But as ‘YFofephus’s Eclipfe of the Moon in a great meafure fixes our 
Saviour’s birth to the end of the 4713th year of the ulzan Period, 
and a Friday Paflover Full Moon fixes the time of his death to the 
third of 4pri/ in the 4746th year of that Period, the fame as above 
by Daniel's weeks, this fuppofes our Saviour to have been crucified 
in the 37th year of his age. And as St. Luke chap. ill. ver. 23. fixes 
the time of Curist’s baptifm to the beginning of his 3oth year, it 
would hence feem that his publick miniftry, to which. his baptifm 
was the initiation, lafted-feven years. But, as it would be very diffi- 
cult to find account in all the Evangelifts of more than four Pafiovers 
which he kept at Yerufalem during the time of his miniftry, others 
think that he fuffered in the vulgar 30th year of his age, which was 
really the 33d; namely in the year of the Fultan Period 4743. And 
this opinion is farther ftrengthened by confidering that our Saviour 
eat his laft Pafchal Supper on a Thurfday evening, the day imme- 
diately before his crucifixion: and that as he fubjected himfelf to the 
law, he would not break the law by keeping the Pafiover on the day 
before the law prefcribed ;. neither would the Priefts have fuffered the 
Lamb to be killed for him before the fourteenth day of Nz/an when it 
was killed for all the people, Exod. xii. ver. 6. And hence they infer 
that he kept this Paflover at the fame time with the reft of the Fews, 
in the vulgar 30th year of his age: at which time it is evident by cal- 
culation that there was a Paffover Full Moon on Thurfday April the 6th. 
But this is prefled with two difficulties. 1. It drops the laft half 
of Daniel’s feventicth week, as of no’ moment in the prophecy; 
and 










































A Table of remarkable ZEras. 


and 2. it fets afide the teftimony of Phiegon, as if he had miftaken 
almoft a whole Olympiad. 

Others again endeavour to reconcile the whole difference, by fup- 
pofing, that as Curist expreffed himfelf only in round numbers con- 
cerning the time he was to lie in the grave, Matt. xii. 40. fo might 
St. Luke poffibly have done with regard to the year of his baptifm: 
which would really feem to be the cafe when we confider, that the 
ews told our Saviour, fometime before his death, Thou art not yet 
Sifty years old, John vii. 57. which indeed was more likely to be faid 
to a perfon near forty than to one but juft turned of thirty. And as to 
his eating the above Paffover on Lhurfday, which muft have been on 
the Yewi/h Full Moon day, they think it may be eafily accommodated 
to the 37th year of his age; fince, as the ‘fews always began their day 
in the evening, their Fr7day of courfe began on the evening of our 
Thurfday. And it is evident, as above-mentioned, that the only Yewi/b 
Friday Full Moon, at the time of their Paflover, was in the vulgar 
33d, but the real 37th year of Curist’s age; which was the 4746th 
year of the ‘fulzan Period, and the laft year of the 202d Olympiad. 































433. As there are certain fixed points in the Heavens from which Aras or 
Aftronomers begin their computations, fo there are certain points of Epochas. 
time from which hiftorians begin to reckon ; and thefe points or roots 
of time are called Aéras or Epochas. ‘The moft remarkable Airas are 

 thofe of the Creation, the Greek Olympiads, the building of Rome, the 
fEra of Nabonaffar, the death of Alexander, the birth of Curist, 
the Arabian Hegira, and the Perfian “fefdegird: All which, together 
with feveral others of lefs note, have their beginnings in the following 
Table fixed to the years of the fulzan Period, to the age of the world 


at thofe times, and to the years before and after the birth of Curisr. 
Julian [Y. of the} Before 
Period. | World. jCaristr 











1. Thecreation of the world,according to Strauchius | 764 1] 3949 
2. The Deluge, or Noah's Flood — | 2420 1656 | 2293 
3. The Affrian Monarchy by Nimrod —- > | 2537] 1773 | 2176 
4. The Birth of Abraham —-~ — —= | 271211948] 2001 
sg. The beginning of the Kingdom of the Argives | 2856] 2092 | 1857 
6. The begin. of the Kingdom of Athens by Cecrops 1315712393] 1 556 
7. The departure of the I/raelites from Egypt | 3216] 2452 | 1497 
8. Their entrance into Canaan, or the Jubilee | 3256] 2492] 1457 
-g. The deftruction of Troy —-  — — | 3529|2865) 1184 
10. The beginning of King David's reign —- | 3653} 2889 | 1060 
11. The foundation of Solomon’s Temple — | 369612932{1017 


2 12. The 
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Julian |Y. of the] before 
Period. | World. (Curist. 
j 12. The Argonautic expedition — — 3776 | 3012| 937 


13. Arbaces, the firft King of the Medes 3838 | 3074] 175 
14. Mandaucus the fecond — — — 3865} 3101] 848 
15. Sofarmus the third — — 3915131511 798 
16. Artica the fourth — ~ 3945|3181| 768 
17. Cardica the fifth me ~~ 3996 | 3232| 718 
18. Phraortes the fixth ~ -— 40571 3293| 656 
19. Cyaxares the feventh _—~ — 4080} 3316] 633 
20. The beginning of the Olympiads — 3938 | 3174| 775 
21. TheCarontanEpochaof the building of Rome | 3961|3197| 752 
22, The Aira of Nabonafar — = — 3967| 3202] 746 
23. The deftruétion of Samaria — 3990} 3226| 723 
24. The Babylonifh captivity —~ — 4133|3349| 600 
25. The deftruction of Solomon's 'Temple 412413360] 589 
26. The Perfizn monarchy founded by Cyrus | 415413390 559 
27. The battle of Marathon — ——= 1422413460] 489 
28. The begin. of the reign of Art. Longimanus | 4249} 3485 464 
29. ‘The beginning of Daniel’s 70 weeks — | 4256] 3492 457 
30. The beginning of the Peloponnefian war — | 4282|3518| 431 
31. The death of Alexander — —- —= | 4390| 3626 
32. The reftoration of the fews — —- 14548] 3784 |- 129 
33. The corr.-of the Calendar by Fulius Cafar | 4669 | 3905 
34. The beginning of the reign of Herod — |4673|3909] 40 
35. The Spanfh Ara — — 4075/3911} 38 
36. The battle at Adium — 4683|3919] 30 
37. The taking of Alexandria — 4683}3919| 30 
38. The Epoch of the title of Auguffus 4686|3922| 27 
39. The true Afra of Curist’s birth. — 4709| 3945 4 
40. The death of Herod — — 4710] 3946 3 
: 41. The Diony. orvulg. Mraof the birthofCurisr | 4713| 3949] 4Do 
ee 42. The true year of Curist’s death — 4746] 3982| 33 
5 43. The deftruction of Yerufalem — 4783/4019] 70 
44. The Diockfian perfecution — — 5015] 4251} 302 
45. ‘Fhe Epoch of Con/tantine the Great 501914255] 306 
46. The Council of Nice — — 5038| 4274! 326 
47. The Epocha of the Hegira — 53351457) | 622 
48. ‘The Epoch of Yefdyerd — — 534414580] 631 
49. The Yellalean Epocha —. — 5791 | 5027] 1078 
go. The Epocha of the reformation == 6230 | 546611517 
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Tables of Time. 


Tas. I. Shewing the Golden Number (which is the fame both in the Old 
and New Style) from the Chriftian ZEra to A. D. 4000. 
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Tas. Il. Shewing the Number of Direction, for finding Eafter 
Sunday by the Golden Number and Dominical Letter. 
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E 2} 23 9} 23}16}] 21)23) 9 
F 3424 IO} 247177 3724710 
G 4} 25 4) 25,18] 4/25) 1% 


This Table is adapted to the New Style. 
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Tas. III. Shewing the Dominical|\\Tas. IV. Shewing the Dominical 
Letters, Old Style, for 4200 Years Letters, Old Style, for 4200 Years 
before the Chrifiian ZEra. after the Chrifiian Era. 
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Lables of Time. 


Tas. V. The Dominical Letter,|| Tas. VI. Shewing the Days 
New Style, for 4000 Years|| of the Months for both Styles 
after the Chrifiian Era. by the Dominical Letters. 





After Chrift. Hundreds of Years. 
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The ORRERY defcribed. 


CHAP. XXII. 


A Defcription of the Aftronomical Machinery ferving to ex- 
plain and illuftrate the foregoing part of this Treatife. 
Rae fot eg Orrery. This Machine fhews the Motions of the 

Sun, Mercury, Venus, Earth, and Moon; and occafionally, 
the fuperior Planets, Mars Jupiter, and Saturn may be put on; Ju- 
piter’s four Satellites are moved round him in their proper times by a 
{mall Winch ; and Saturn has his five Satellites, and his Ring which 
keeps its parallelifm round the Sun; and by a Lamp put in the Sun’s 
place, the Ring fhews all the Phafes defcribed in the 204th Article. 

In the Center, No 1. reprefents the Sun, fupported by it’s Axis. 
inclining almoft 8 Degrees from the Axis of the Ecliptic; and turn- 
ing round in 25+ days on its Axis, of which the North Pole inclines 
toward the 8th Degree of Pifces in the great Ecliptic (No. 11.) whereon 
the Months and Days are engraven over the Signs and Degrees in 
which the Sun appears, as feen from the Earth, on the different days: 
of the year. 

The neareft Planet (No. 2) to the Sun is Mercury, which goes round 
him 87 days 23 hours, or 8722 diurnal rotations of the Earth; but has 
no Motion round its Axis in the Machine, becaufe the time of its 
diurnal Motion in the Heavens is not known to us. 

The next Planet in order is Venus (No. 3) which performs her an- 
nual Courfe in 224 days 17 hours; and turns round her Axis in 24 
days 8 hours, or in 24% diugnal rotations of the Earth. Her Axis in- 
clines 75 Degrees from the Axis of the Ecliptic, and herNorth Pole in- 
clines towards the 20th Degree of Aquarius, according to the obfer- 
vations of Bzanchini. She fhews all the Phenomena defcribed from the 
30th to the 44th Article in Chap. I. 

Next without the Orbit of Venus is the Earth (No. 4.) which 
turns round its Axis, to any fixed point at a great diftance, in 2 q hours 
56 minutes 4 feconds of mean folar time (221 & feg.) but from the 
Sun to the Sun again in 24 hours of the fame time. No. 6 is a fidereal 
Dial-Plate under the Earth; and No.7 a folar Dial-Plate on the 
cover of the Machine. ‘The Index oi the former fhews fidereal, and 


of the latter, folar time; and hence, the former Index gains sone en- 
tire tevolution on the latter every year, as 365 folar or natural days 
contain 366 fidereal days, or apparent revolutions of the Stars, 
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The Orrery deferibed. 


the time that the Earth makes 365% diurnal rotations on its Axis, it 
goes once round the Sun in the Plane of the Ecliptic; and always 
keeps oppofite to a moving Index (No. 10) which fhews the Sun’s. 
daily change of place, and alfo the days of the months. 

The Earth is half covered with a black cap for dividing the appa- 
rently enlightened half next the Sun, from the other half, which when 
turned away from him is in the dark. ‘The edge of the cap reprefents 
the Circle bounding Light and Darknefs, and fhews at what time the 
Sun rifes and fets to all places throughout the year. The Earth’s 
Axis inclines 232 Degrees from the Axis of the Ecliptic, the North 
Pole inclines toward the beginning of Cancer; and keeps its parallelifm 
throughout its annual Courfe § 48, 202; fo that in Summer the nor- 
thern parts of the Earth incline towards the Sun, and in the Winter 
from him: ‘by which means, the different lengths of days and nights, 
and the caufe of the various feafons, are demontftrated to fight. 

There is a broad Horizon, to the upper fide of which is fixed a 
Meridian Semi-circle in the North and South Points, graduated on both 
fides from the Horizon to go° in the Zenith, or vertical Point. The 
edge of the Horizon is graduated from the Eaft and Weft to the South 
and North Points, and within thefe Divifions are the Points of the 
Compafs. On the lower fide of this thin Horizon Plate ftand out 
four fmall Wires, to which is fixed a Twilight Circle 18 Degres from 
the graduated fide of the Horizon all round. This Horizon may be 
put upon the Earth (when the cap is taken away) and rectified to the 
Latitude of any place: and then, by a fmall Wire called the Solar Ray, 
which may be put on fo as to proceed directly from the Sun’s Center 
towards the Earth’s, but to come no farther than almoft to touch the 
Horizon, the beginning of Twilight, time of Sun-rifing, with his 
Amplitude, Meridian Altitude, time of Setting, Amplitude, and end 
of Twilight, are fhewn for every day of the year, at shat place ta 
which the Horizon is rectified. 


The Moon (No. 5) goes round the Earth, from between it and The Moon. 


any fixed point at a great diftance, in 27 days 7 hours 43 minutes, 
of through all the Signs and Degrees of her Orbit; which is called 
ber Periodical Revolution; but the goes round from the Sun to the Sun 
again, or from Change to Change, in 29 days 12 hours 45 minutes, 
which is her Synodical Revolution ; and in that time fhe exhibits all the 
Phafes already defcribed § 255. 


When the above-mentioned Horizon is re¢tified to the Latitude of 


any given place, the times of the Moon’s rifing and fetting, together 


with het Amplitude, are fhewn to that place as well as the Sun's ; 
"e anc 
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The Orrery defcribed. 
and’ all the various Phenomena of the. Harveft Moon § 273 @& 4: 


made obvious to fight. | 

The Moon’s Orbit (No. 9.). is inclined to. the, Ecliptic, (No..11.) 
one half being above, and the.other below it. ‘The Nodes, or Points 
at o and o lie in the Plane of the Ecliptic, .as. defcribed §.317, 318, 
and fhift backward. through all. it’s. Signs. and Degrees" in 182 
years. .The Degrees of the Moon’s Latitude, to ‘the higheft at NZ 
(North Latitude) and loweft at SZ (South. Latitude).are engraven 
both ways from her Nodes at o and o; and,. asthe Moon rifes 
and falls in her Orbit according to its inclination, her Latitude and 
Diftance from her Nodes are, fhewn for every day ; having firft reCtified 
her Orbit fo as to fet the Nodes to their. proper places in the 
Ecliptic: and then, as they come about at different, and almoft oppo= 
fite times.of the year § 319, and then point..towards.the Sun,. all 
the Eclipfes may be fhewn for hundreds of years (without any new 
rectification) by turning the Machinery backward for time paft, or 
forward for time to come. At 17 Degrees diftance from each Node, 
on both Sides, is engraved a {mall*Sun ; and at 12 Degrees diftance, a 
{mall Moon; which thew the limits of folar and lunar Eclipfes § 317: 
and when, at any change, the Moon falls between either of thefe 
Suns and the Node, the Sun will be eclipfed on the day pointed to by 
the annual Index (No. ro,) and as the Moon has then North or South 
Latitude, one may eafily judge whether that Eclipfe. will be vifible 
in the Northern or Southern Hemifphere ; efpecially as the Earth’s 
Axis inclines towards the Sun or from him at that time. And 
when, at any Full, the Moon falls between either of the little Moon’s 
and Node, fhe will be eclipfed, and the annual Index fhews the day 
of that Eclipfe. ‘There is a Circle of 293 equal parts (No. 8.) on 
the. cover of the Machine, on which an Index fhews the days of the 
Moon’s age. | 

There are two Semi-circles fixed to an elliptical Ring, which being 
put like a cap upon the Earth, and the forked part F upon the 
Moon, fhews the Tides as the Earth turns round within them, and 
they are led round it by the Moon. When the different Places come 
to the Semi-circle AzHbB, they have Tides of Flood; and when they 
come to the Semicircle CED they have Tides of Ebb § 304, 305; 
the Index on the hour Circle (No. 7.) fhewing the times of thefe 
Phenomena. 

There is a jointed Wire, of which one end being put into a hole 
in the upright ftem that holds the Earth’s cap, and the Wire laid into 
a {mall forked piece which may be occafionally put upon Venus or 
Mercury, 
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Mercury, fhews the direét and retrograde Motions of thefe two Planets, 
with their ftationary Times and Places as feen from the Earth. 

The whole Machinery is turned by a winch or handle (No. 12,) 
and is fo eafily moved that a clock might turn it without any danger 
of ftopping. 

. To give a Plate of the wheel-work of this Machine, would anfwer 
no purpofe, becaufe many of the wheels lie fo behind others as to hide 
them from fight in any view whatfoever. 
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435. Another ORRERY. In this Machine, which is the fimpleft FE Another 
ever faw, for fhewing the diurnal and annual motions of the Earth, O**=8*: 


together with the motion of the Moon and her Nodes; 4 and B are 
two oblong fquare Plates held together by four upright pillars; of 


which three appear at f g, and g2. Under the Plate 4 is an endle{s PLATEVI. 
{crew on the Axis of the handle 4, which works in a wheel fixed on Fig. I. 


the fame Axis with the double grooved wheel E; and on the top 
of this Axis is fixed the toothed wheel 7, which turns the pinion 4, on 
the top of whofe Axis is the pinion £2 which turns another pinion d2, 
and that. other turns a third, on the Axis a2 of which is the Earth 
U turning round; this laft Axis inclining 23+ Degrees. The fupporter 
2, in which the Axis of the Earth turns, is fixed to the moveable 
Plate C. 

In.the fixed Plate B, beyond H, 1s fixed the ftrong wire d, on 
which hangs the Sun J fo as it may turn round the wire. To this 
Sun is fixed the wire or folar ray Z, which (as the Earth U turns 
round its Axis) points to all the places that the Sun paffes vertically 
over, every day of the year. The Earth is half covered with a black 
cap a, as in the former Orrery, for dividing the day from. the night ; 
and, as the different places come out from below the edge. of the cap, 
or go in below it, they fhew the times of Sun-rifing and fetting every 
day of the year. This cap is fixed on the wire 4, which has a forked 
piece C turning round the wire d: and, as the Earth goes round the 
Sun, it carries the Cap, Wire, and folar Ray round him; fo that the 
folar Ray conftantly points towards the Earth’s Center. 

On the Axis of the pinion & is the pinion m, which turns a 
wheel on the cock or fupporter 7, and on the Axis of this. wheel 
neareft 7 is a pinion (hid from view) under the Plate C, which 
pinion turns a wheel that carries the Moon Y round the Earth U; 
the Moon’s Axis rifing and falling in the focket W, which is fixed 
to the triangular piece above Z; and this piece is fixed to the top 
of the Axis of the laft mentioned wheel. The focket W is {flit on 
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the outermoft fide ; and in this flit the two pins near 25 fixed’ in the 
Moon's Axis, move’ up and down; one of them being above the 
inclined Plane 2“X, and the other below it. By this mechanifm, the 
Moon ¥ moves round the Earth J in the inclined Orbit: 9; paral- 
Jel to the Plane of the Ring YX; of which the Defcending Node 
is at XX, and the Afcending Node oppofite to it, but hid by the fup- 
porter X2. , 

The {mall wheel E turns the large wheels D and F, of équal dia- 
meters, by cat-gut ftrings croffing between them: and the Axis of 
thefe two wheels are cranked at G and H, above the Plate B. ‘Fhe 
upright ftems of thefe cranks going through the Plate C, carry it over 
and over the fixed Plate B, with a motion which carries the Earth UV 
round the Sun 7, keeping the Earth’s Axis always parallel to itfelf; or 
{till inclining towards the left-hand of the Plate; and fhewing the vicif- 
fitudes of feafons, as defcribed in the tenth chapter. As the Earth 
goes round the Sun the pinion & goes round the wheel 7, for the 
Axis of & never touches the fixed Plate B; but turns on a wire fixed 
into the Plate C. 

On the top of the crank G is an Index L, which goes round the 
Circle #2 in the time that the Earth goes round the Sun; and points 
to the days of the months; which, together with the names of the 
feafons, are marked in this Circle. 

This Index has a {mall grooved wheel Z fixed upon it, round 
which, and the Plate Z; goes a cat-cut {tring crofling between them; 
and by this means the Moon’s inclined Plane 7X with its Nodes 
is turned backward, for fhewing the times and returns of Ecli 
§ 319, 320. 

The following parts of this machine: muft be confidered as diftin@ 
from thofe already defcribed. ; 

Towards the right hand, let S be the Earth hung on the wire ¢, 
which is fixed into the Plate B; and Jet O be the Moon fixed on the 
Axis M, and turning round within the cap P, in which, and in the 
Plate C the crooked wire Q is fixed. On the Axis Z is alfo fixed the 
Index K, which goes round a Citcle 42, divided into 29; equal parts, 
which are the days of the Moon’s age: but to avoid confufion in the 
{cheme, it is only marked with the numeral figures r 23 4, for the 
Quarters. As the crank H carries this Moon round the Earth Sin the 
Orbit ¢, the fhews all her Phafes by means of the cap P for the dif- 
ferent days of her age, which are {hewn by the Index K; this Index, 
turning juft as the Moon O does, demonftrates her turning round her 
Axis as fhe ftill keeps the fame fide towards the Earth § § 262. 
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At the other end of the Plate C, a Moons NV goes round an Earth R PL. VII, 
in the Orbit p; but this Moon’s Axis is ftuck fat into°the Plate C at 
82; fo that neither Moon nor Axis can turn rouhd ; and as this Moon 
goes‘ round her Earth the fhews herfelf all’ round “to it; which 
proves, that if the Moon was feen all rotind froma the Earth in a Lu- 
nation, fhe could not turn round her Axis. | 

N.B. Tf there were only the two wheels D and F, with a cat-gut 
{tring over them, but not croffing between them, the! Axis of the 
Earth U would keep its parallelifm round the Sun Z, and fhew all the 
feafons; as I fometimes make’ thefe Machines: and the Moon O 
would go round the Earth S, fhewing her Phafes as above; as like- 
wife would the Moon N round the Earth R; but then, neither could 
the diurnal motion of the Earth U on its Axis be fhewn, - nor the 
motion of the Moon / round that Earth. 


436. In the year 1746 I contrived a very fimple Machine, ‘and The Carev- 
defcribed it’s performance in a {mall treatife upon the Phenomena “’°*’ 
of the Harveft Moon, publifhed in the year 1747. I improved. it 
foon after, by adding another wheel, and called it the Galculator. 

It may be eafily made by any Gentleman who has 2% mechanical 
Genius. 

The great flat Ring fupported by twelve pillars, and on which. the Fig. L 
twelve Signs with their refpective Degrees are laid down, is the 
Ecliptic; nearly in the center of it is the Sun 9 fupported by’ the 
{trong crooked Wire ZT; and from the Sun proceeds’ a Wire W, 
called the Solar Ray; “pointing towards the center’ of the Earth EB, 
which is furnifhed with a moveable Horizon “H, together with a 
brazen Meridian, and Quadrant of Altitude. °R is a {mall Ecliptic, 
whofe Plane co-incides with that of the great one, and has the: like 
_ Signs and Degrees marked upon it; and is fupported ‘by two Wires 
D and D, which enter into the Plate PP; but may be taken off at 
pleafure. As the Earth goes round the Sun, the Signs of this mall 
Circle keep parallel to themfelves, and to thofe of the great Ecliptic. 
When it is taken off, and the folar Ray W drawn farther out, 
fo as almoft to touch the Horizon Hy, ‘or the Quadrant of Altitude, the 
Horizon being rectified to any given Latitude, and the Earth turned 
round its Axis by hand, the point of the Wire W thews the Sun’s 
Declination in pafling over the graduated brafs Meridian, and his 
height at any given time upon the Quadrant of Altitude, together 
with his Azimuth, or point of Bearing upon the Horizon at that time; 
and likewife his Amplitude, and time of Rifing and Setting ie 
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hour Index, for any day of the year that the annual Index U points 
to in the Circle of Months below the Sun. MM 1s a folar Index or 
Pointer fapported by the Wire ZL which is fixed into the knob K: the 
ufe of this Index is to fhew the Sun’s place in the Ecliptic every day 
in the year; for it goes over the Signs and Degrees as the Index U 
goes over the months and days; or rather as they pafs under the 
Index U, in moving the cover plate with the Earth and its Furniture 
round the Sun; for the Index U is fixed tight on the immoveable Axis 
in the Center of the Machine. K is a knob or handle for moving the 
Earth round the Sun, and the Moon round the Earth. 

As the Earth is carried round the Sun, its Axis conftantly keeps 
the fame oblique direction, or parallel to itfelf § 48, 202, fhewing 
thereby the different lengths of days and nights at different times: of 
the year, with all the various feafons. And, in one annual revolu- 
tion of the Earth; the Moon M goes 124 times round it from 
Change to Change, having an occafional provifion for fhewing her 
different Phafes. The lower end of the Moon’s Axis bears by a {mall 
friction wheel upon the inclined Plane J, which caufes the Moon to 
rife above and fink below the Ecliptic R in every Lunation; croffing 
it in her Nodes, which fhift backward through all the Signs and 
Degrees of the faid Ecliptic, by the retrograde Motion of the inclined 
Plane J, in 18 years and 225 days. On this Plane the Degrees and 
Parts of the Moon’s North and South Latitude are laid down from 
both the Nodes, one of which, vz. the Defcending Node. appears 
ato, by DN above B; the other Node being hid from Sight on this 
Plane by the plate PP; and from both Nodes, at proper diftances, 
as in the other Orrery, the limits of Eclipfes are marked, and all the 
folar and lunar Eclipfesare fhewn in the fame manner, for any given 
year, within the limits of 6000, either before or after the Chriftian 
/Era. On the plate that covers the wheel-work, under the Sun S, 
and round the knob K are Aftronomical Tables, by which the Ma- 
chine may be rectified to the beginning of any given year within thefe 
limits, in three or four minutes of time; and when once fet right, 
may be turned backward, for 300 years paft, or forward for as many 
to come, without requiring any new rectification. There is a me- 
thod for its adding up the 2gth of February every fourth year, and 
allowing only 28 days to that month for every other three: but all 
this being performed by a particular manner of cutting the teeth of 
the wheels, and dividing the month cirele, too long and intricate to 
be defcribed. here, I fhall only fhew how. thefe motions may be per- 
formed near enough for common ufe, by wheels with grooves and 
cat-gut 
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cat-gut ftrings round them, only here I muft put the Operator in 
mind that the grooves are to be made fharp (not round) bottomed to 
keep the ftrings from flipping. 

The.Moon’s Axis moves up and down in the focket N fixed into 
the bar O (which carries her round the Earth) as the rifes above of 
finks below the Ecliptic; and immediately below the inclined Plane T 
is a flat circular plate (between 2 and J) on which the different Ex- 
centricities of the Moon’s Orbit are laid down; and likewife her 
mean Anomaly and elliptic Equation by which her true Place may 
be very nearly found at any time. Below this Apogee-plate, which 
fhews the Anomaly, @c. is a Circle Y divided into 29% equal parts 
which are the days of the Moon’s age: and the forked end 4 of the 
Index 4B (Fig Il) may be put into the Apogee-part of this plate ; 
there being jutt fuch another Index to put into the inclined Plane T 
at the Afcending Node; and then the curved points B of thefe 
Indexes fhew the direct motion of the Apogee, and retrograde motion 
of the Nodes through the Ecliptic R, with their Places in it at any 
given time. As the Moon M goes round the Earth E, fhe fthews 
her Place every day in the Ecliptic R, and the lower end of her 
Axis fhews her Latitude and diftance from her Node on the inclined 
Plane J, alfo her. diftance from her Apogee and Perigee, together 
with her mean Anomaly, the then Excentricity of her Orbit, and her 
elliptic Equation, all on the Apogee Plate, and the day of her age 
in the Circle Y of 29% equal parts; for every day of the year pointed 
out by the annual Index U tn the Circle of months. 

Having rectified the Machine by the Tables for the beginning of 
any year, move the Earth and Moon forward by the knob K, until 
the annual Index comes to any given day of the month; then ftop, 
and not only all the above.Phenomena may. be fhewn for that 
day, but alfo, by turning the Earth round its Axis, the Declina- 
tion, Azimuth, Amplitude, Altitude of the Moon at any hour, and 
the times of her Rifing and Setting, are ‘hewn by the Horizon, 
Quadrant of Altitude, and hour Index. And in moving the Earth 
round the Sun, the days of all the New and Full Moons and 
Eclipfes in any given year are fhewn. ‘The Phenomena of the 
Harveft Moon, and thofe of the Tides, by fuch a cap as that ‘in 
Plate 9 Fig. 10. put upon the Earth and Moon,’ together with 
the folution of many. problems not here related, are made con- 
{picuous. 

The eafieft, though not the beft way, that I can inftruct any 
mechanical perfon to make the wheel-work of fuch a machine, is 
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as follows; which. is the way that I, made it,’ before I thought of 
numbers. exact enough to make. it worth the trouble of cutting teeth 
in the wheels. | 

Fig. 3d of Plate 8 is a fection of - this Machine ;_ in which ABCD 
is, a.frame of wood held together by four pillars at the corners, 
whereof two appear at 4G and BD. In the lower Plate CD of this 
Frame are three {mall friction-wheels, at equal diftances from each 
other; two of them appearing at. eande. As the frame is moved 
round, thefe wheels run upon the fixed bottom Plate EE which fup- 
ports the whole work. 

In the Center of this laft, mentioned Plate is fixed. the upright 
Axis / FFG, and on the fame Axis is fixed the wheel HHH in which 
are four grooves I,.X,2, LZ of different Diameters. In thefe grooves 
are cat-gut ftrings going alfo round the feparate wheels M4, N, O 
and P. 

The, wheel /M is. fixed on a folid Spindle or Axis, the lower 
pivot.of which turns. at R in the under Plate of the moveable 
frame ABCD; . and on the upper .end of ,this Axis: is fixed the 
Plate a0 (which is PP, under the Earth, in Fig. 1.) and to ‘this 
Plate is fixed, at an Angle of 23; Degrees. inclination; the Dial. 
plate below the Earth T; on the Axis of which, the Index g is 
turned round by: the Earth, This Axis, together. with the 
Wheel M, and Plate 00, keep their parallelifm in going round the 
Sun 8. 

On the Axis of the wheel M is a. moveable focket on which the 
fmall wheel WN is fixed, and on the upper end of this focket js put 
on tight (but fo as it may be occafionally turned by hand) the bar 
ZZ (viz. the bar O in Fig. 1.) which carries. the Moon m round 
the Earth J, by the Socket 2, fixed into the bar. As the: Moon 
goes round, the Earth her. Axis. rifes and falls in the Socket Ms 
becaufe, on the lower end of her Axis, which is turned inward, there 
is.a_ {mall friction: Wheel s running on the inclined Plane X (which 
is JZ in, Fig. 1.) and: fo caufes the Moon alternately to rife above 
and fink below the little Ecliptic VV (RK in Fig. 3.) in every Lu- 
nation. 

On the Socket or hollow Axis of the Wheel N,. there is another: 
Socket on which the Wheel O is fixed 3 and the Moon’s inclined: Plane 
X is put tightly on the upper end. of this Socket, not on a {quare, but 
on a round, that it may be occafionally fet by hand without wrench-. 


tog the Wheel or Axle. 
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Laftly, on the hollow Axis of the Wheel O is another Socket on 
which is fixed the Wheel P, and on the upper end of this Socket 
is put on tightly the Apogee-plate Y; (that immediately below T in 
Fig. 1.) all thefe Axles turn in the upper Plate of the moveable 
frame at 2 which Plate is covered with the thin Plate cc (ferewed 
to it) whereon are the fore-mentioned Tables and month Circle in 
ge a 

The middle part of the thick fixed Wheel HHH is much broader 
than the reft of it, and comes out between the Wheels JZ and O 
almoft to the Wheel N. ~To adjuft the diameters of the grooves of 
this fixed wheel to the grooves of the feparate Wheels M4,N,O and 
P, fo as they may perform their motions in the proper times, the 
following method muft be obferved. 

The Groove of the Wheel J4 which keeps the parallelifm of the 
Earth’s Axis, muft be precifely of the fame Diameter as the lower 
Groove J of the fixed Wheel HHH; but, when this Groove is fo 
well adjufted as to fhew, that in ever fo many annual revolutions 
of the Earth, its Axis keeps its parallelifm, as may be obferved by 
the folar Ray W (Fig. 1.) always coming precifely to the fame De- 
gtee of the {mall Ecliptic R at the end of every annual revolution. 
when the Index M points to the like Degree in the great Ecliptic ; 
then, with the edge of athin File give the Groove of the Wheel 
a {mall rub all round; and by that means, leffening the Diameter of 
the Groove, perhaps about the 2oth part of a hair’s breadth, it 
will caufe the Earth to fhew the preceffion of the Equinoxes ; 
which, in many annual revolutions will begin to be fenfible as the 
Earth’s Axis flowly deviates from its parallelifm § 246, towards the 
antecedent Signs of the Ecliptic. 

The Diameter of the Groove of the Wheel N, which carries the 
Moon round the Earth, muft be to the Diameter of the Groove Xas 2 
Lunation is to a year; that is, as 294 to 365%. 

The Diameter of the Groove of the Wheel O, which turns the 
inclined Plane X with the Moon’s Nodes backward, mutt be to the 
Diameter of the Groove & as 20 to 18224. And, 

Laftly, the Diameter of the Groove of the Wheel P, which carries 
the Moon’s Apogee forward, muft be to the Diameter of the Groove: 
Eas 70 to 62. 

But, after all this nice adjuftment of the Grooves to the propor- 
tional times of their refpective Wheels turning round, and which 
feerns to promife very well in Theory, there will ftill be found a 
meceflity of a farther adjuftment by hand; becaufe proper cr 
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PLATEIV. muft be made. for the Diameters of the cat-gut ftrings: and the 


The ComeE- 
TARIUM. 


Fig. IV. 


Grooves muft be fo adjufted by hand, as, that in the time the Earth is 
moved once round the Sun, the Moon mui perform 12 fynodical 
revolutions round the Earth, and be almoft 11 days old in her 13th 
revolution. The inclined Plane with its Nodes mutt go once 
round backward through all the Signs and Degrees of the fmall 
Ecliptic in 18 annual revolutions of the Earth and 225 days over, 
And the Apogee-plate muft go once round forward, fo as _ its 
Index may go over all the Signs and Degrees of the fmall Ecliptic 
in eight years (or fo many annual revolutions of the Earth) and 312 
days over. 

N. B. The ftring which goes round the Grooves X and WN for the 
Moon’s Motion muft crofs between thefe Wheels; but all the reft of 
the ftrings go in their refpective Grooves 14, kO, and LP without 
crofling. 


437. The CometTarium. — This curious Machine fhews the Mo- 
tion of a Comet or excentric Body moving round the Sun, de- 
{cribing equal Areas in equal times § 152, and may be fo con- 
trived as to fhew fuch a Motion for any Degree of Excentricity, 
It was invented by the late Dr. DrsaGuLizrs. 

The dark elliptical Groove round the letters abcdefghiklm is the 
Orbit of the Comet 2: this Comet is carried round in the Groove 
according to the order of letters, by the Wire W fixed in the Sun S, 
and flides on the Wire. as it approaches nearer to or recedes farther 
from the Sun, being neareft of all in the Perihelion a, and fartheft 
in the Aphelion g. The Areas aS, Sc, cSd &c. or contents of 
thefe feveral Triangles are al] equal ; and in every turn of the Winch 
IN the Comet VY 1s carried over one of thefe Areas ; confequently 
in as much time as it moves from f to.g, or from g to 4, it 
moves from m to a, or from 4 to 6; and fo of the reft, bein 
quickeft of all at 2, and floweft at.g. Thus, the Comet’s velocity 
in its Orbit continually decreafes from the Perihelion a to the Aphe- 
lion g; and increafes in the fame proportion from g to a, 

The elliptic Orbit is divided into 12 equal. Parts or Signs with 
their refpective Degrees, and, fo is the Circle no pgrstn which. 
reprefents a great Circle in the Heavens, and to which all the fixed 
Stars in the Comet’s way are referred, Whilft the Comet moves 
from f to g in its Orbit it appears to move only about 5 De- 
grees in this Circle, as is fhewn by the {mall knob on the end 
of the Wire WY; but in as fhort time as the Comet moves from m 
to 
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to @, or from @ to 4, and it appears to defcribe the large {pace PLATEIV. 
ém or mo in the Heayens, either of which fpaces contains 120 
Degrees or four Signs. Were the Excentricity of its Orbit greater, the 
greater {till would be the difference of its Motion, and vice versd. 

ABCDEFGHIKLMA4 is a circular Orbit for thewing the equable 
Motion of a Body round the Sun S$, defcribing equal Areas ASB, 
BSC, &c. in equal times with thofe of the Body Y in its ellip- 
tical Orbit above mentioned; but with this difference, that the circu- 
lar Motion defcribes the equal Arcs 4B, BC, &c. in the fame 
equal times that the elliptical Motion defcribes the unequal Arcs 
ab, be, &c. 

Now, fuppofe the two Bodies 7 and 1 to ftart from the Points 
a@ and A at the fame moment of time, and each having gone | 
round its refpective Orbit, to arrive at thefe Points again at the fame 
inftant, the Body Y will be forwarder in its Orbit than the Body 1 
all the way from a@ to g, and from 4 to G; but 1 will be for- 
warder than 2 through all the other half of the Orbit; and the 
difference is equal to the Equation of the Body Y in its Orbit. 
At the Points a, 4, and g, G, that is, in the Perihelion and Aphe- 
lion, they will be equal; and then the Equation vanithes. This 
fhews why the Equation of a Body moving in an elliptic Orbit, 
is added to the mean or fuppofed circular Motion from the Perihe- 
lion to the Aphelion, and fubtracted from the Aphelion to the Perihe- 
lion, in Bodies moving round the Sun, or from the Perigee to the 
Apogee, and from the Apogee to the Perigee in the Moon’s Mo- 
tion round the Earth, according to the Precepts in the 355th Article ; 
only we are to confider, that when Motion is turned into Time, 
it reverfes the titles in the Table of The Moon's elliptic Equation. 

This curious Motion is performed in the following manner. ABC Fis. v. 
is a wooden bar (in the box containing the wheel-work) above which 
are the wheels D and E; and below it the elliptic Plates FF and 
GG; each Plate being fixed on an Axis in one of its Focufes, at 
E and K; and the Wheel £ is fixed on the fame Axis with the Plate 
FF. Thefe Plates have Grooves round their edges precifely of equal 
Diameters to one another, and in thefe Grooves is the cat-gut 
ftring gg, gg croffing between the Plates at 4. On H, the Axis of the 
handle or winch N in Fig. 4th, is an endlefs {crew in Fig. 5, working 
in the Wheels D and E, whofe numbers of teeth being equal, and 
fhould be equal. to the number of lines aS, 4S, cS, &c. in Fig. 4, 
they turn round their Axes in equal times to one another, and to the 


Motion of the elliptic Plates, For, the Wheels D and E re 
I equa: 
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equal numbers of :teeth, the Plate FF being fixed on the fame Axis 
with the Wheel #, and the Plate FF turning the equally big Plate 
GG by a cat-gut {tring round them both, they muft all go round 
their Axes‘in asumany turns of the handle N as either of the Wheels 
has: teeth. 

_ “Lis ceafy to fee, that the end 4 of the elliptical Plate FF being 
farther. from its Axis E than the oppofite end z is, muft deferibe a 
Circle fo much the larger in proportion; and therefore move through 
fo much more fpace.in the fame time; and for that reafon the end 
6 moves fo much fafter than the end 2, although it goes no fooner 
round the Center #. But then, the quick-moving end 4 of the Plate 
#i leads about the fhort end SK of the Plate GG with the fame 


_ velocity; and the flow moving end z of the Plate FF coming half 


round as to B, muft then lead the long end & of the Plate GG as 


‘flowly about: So that the elliptical Plate FF and it’s Axis E move 


uniformly and equally quick in every part ofits revolution; but 
the elliptical Plate GG, together with its Axis K muft. move very 
unequally in different parts of its revolution; the difference being 
always inverfely as the diftance of any point of the Circumference of 
GG from its Axis at K’: or.in other words, to inftance in two points, 
it the diftance K& be four, five, or fix times as great as the diftance 
Kh, the Point 4 will move in that pofition four, five, or fix times as 
faft as the Point & does, when the Plate GG has gone half round: 
and fo on for any other Excentricity or difference of the Diftances 
Kk and Kh. The tooth 7 on the Plate FF falls in between the two 
teeth at on the PlateGG, by which means the revolution of the latter 
is fo adjufted to that of the former, that they can never vary from one 
another. 

On the top of the Axis of the equally moving Wheel D, in 
Fig. 5th, is the Sun S$ in Fig. 4th; which Sun, by the Wire Z 
fixed to it, carries the Ball 1 round the Circle ABCD, &c. with an 
equable Motion according to the order of the letters: and on the 
top of the Axis K of the unequally moving Ellipfis GG, in Fig. sth, 
is the Sun Sin Fig. 4th, carrying the Ball 7 unequably round in the 
elliptical Groove abcd, &c. N.B. This elliptical Groove muft be 
precifely equal and fimilar to the verge of the Plate GG, which is 
alfo equal to that of FF. 

In- this manner, Machines may be made to fhew the true Mo- 
tion of the Moon about the Earth, or of any Planet about the Sun; 
by making the elliptical Plates of the fame Excentricities, in pro- 
portion to the Radius, as the Orbits of the Planets-are whofe Mo- 
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tions they reprefent: and fo, their différent Equations in different 
parts of their Orbits may be made plain to fight ; and clearer Ideas 
of thefe Motions and Equations acquired in half an hour, than 


could be gained from reading half a day about fuch Motions and 
Equations. 


438. The Improvep CetrstrAL Grose. On the North Pole The im: 


of the Axis, above the Hour Circle, is fixed an Arch MKH of 23 


2 





r proved 


Degrees; and at the end HA is fixed an upright pin HG, which Gross. 


{tands direétly over the North Pole of the Ecliptic, and perpendicular 
to that part of the furface of the Globe, On this pin are two 









moveable Collets at D and H, to which ‘are fixed the quadrantal PLATEIIL 
Wires N and O, having two little Balls on their ends for the Sun Fig. JID. 


and Moon, as in the Fioure. The Collet D is fixed to the circular 
Plate F whereon the 294 days of the Moon’s age are engraven, 
beginning juft under the Sun’s Wire N; and as this Wire is moved 
round the Globe, the Plate F turns round with it. Thefe Wires 
are eafily turned if the Screw G be flackened ? and when they are 
fet to their proper places, the Screw férves to fix them there fo, as 
in turning the Ball of the Globe, the Wires with the Sun and 
Moon go round with it; and thefe two little Balls rife and fet ‘at 
the fame times, and on the fame points of the Horizon, for the 
day to which they are reétified, as the Sun and Moon do in the 
Heavens. 

Becaufe the Moon keeps not her courfe in the Ecliptic (as the Sun 
appears todo) but has a Declination of 5= Degrees on each fide from 
it in every Lunation § 317, her Ball may be fcrewed as many De- 
grees to either fide of the Ecliptic as her Latitude or Declination from 
the Ecliptic amounts to at any given time; and for this purpofe S is 
a {mall piece of pafteboard, of which the curved edge Sis to be fet 
upon the Globe at right Angles to the Ecliptic, and the dark line 
over 5 to ftand upright upon it. From this line, on the convex 
edge, are drawn the 5° Degrees of the Moon’s Latitude on both fides 
of the Ecliptic; and when this piece is fet upright on the Globe, it’s 
graduated edge reaches to the Moon on the Wire O, by which 
means fhe is eafily adjufted to her Latitude found by an Ephemeris. 

The Horizon is fupported by two femicircular Arches, becaufe Pillars 
would ftop the progrefs of the Balls when they go below the Horizon 
in an oblique {phere. 

To rectify the Globe. Elevate the Pole to the Latitude of the Place ; 
then bring the Sun’s place in the Ecliptic for the given day to the 
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brafen Meridian, and fet the Hour Index to XII at noon, that is, to 
the upper XII on the Hour Circle; keeping the Globe in that fitua- 
tion, flacken the Screw G, and fet the Sun dire€tly over his place on 
the Meridian; which done, fet the Moon’s Wire under the number 
that exprefles her age for that day on the Plate FP, and fhe will then 
ftand over her place in the Ecliptic, and fhew what Conftellation fhe 
isin. Laftly, faften the Screw G,-and laying the curved edge of 
the pafteboard S over the Ecliptic below the Moon, adjuft the Moon 
to her Latitude over the graduated edge of the pafteboard; and the 
lobe will be rectified. | 

Having thus rectified the Globe, turn it round, and obferve on what 
points of the Horizon the Sun and Moon Balls rife and fet, for thefe 
agree with the points of the Compafs on which the Sun and Moon rife 
and fet in the Heavens on the given day; and the Hour Index fhews 
the times of their rifing and fetting ; and likewife the time of the Moon’s 
paffing over the Meridian. 

This fimple Apparatus fhews all the varieties that can happen im 
the rifing and fetting of the Sun and Moon; and makes. the fore- 
mentioned Phenomena of the Harveft Moon (Chap. xvi.) plain to 
the Eye. It is alfo very ufeful in reading Lectures on the Globes, 
becaufe a large company can fee this Sun and Moon going round, 
rifing above and fetting below the Horizon at different times, 
according to the feafons.of the year; and making their appulfes 
to different fixed Stars. But, in the ufual way, where there is 
only the places of the Sun and Moon in the Ecliptic to keep 
the Eye upon, they are eafily loft fight of, unlefs covered with, 
Patches. 


439. The PLaneTary Grose. In this Machine, T is a terreftrial 
Globe fixed on its Axis ftanding upright on the Pedeftal CDE,. 
on which is an Hour Circle, having its. Index fixed on the Axis, 
which turns fomewhat tightly in the Pedeftal, fo that the Globe may 
not be liable to fhake; to prevent which, the Pedeftal is about two. 
Inches thick, and the Axis goes quite through it, bearing on a 
fhoulder. "The Globe is hung in a graduated brafen Meridian, much 
in the ufual way; and the thin Plate N, NE, E, is, a moveable 
Horizon, graduated round the outer edge, for fhewing the Bearings 
and Amplitudes of the Sun, Moon, and. Planets. ‘The brafen Meri- 
dian is grooved round the outer edge; and in this Groove is a flender 
Semi-circle of brafs, the: ends: of which are fixed to the Horizon 
in its North and South Points: this Semi-circle flides in the Groove: 
1 as 
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as the Horizon is moved in rectifying it for different Latitudes. To 
the middle of the Semi-circle is fixed a Pin which always keeps in 
the Zenith of the Horizon, and on this Pin the Quadrant of Altitude 
g turns; the lower end ‘of which, in all Pofitions, ‘touches the Ho- 
rizon as it is moved round the fame. This Quadrant is divided into 
go Degrees from the Horizon to the zenithal Pinon which it is turned, 

at go. The great flat Circle or Plate 4B is the Ecliptic, on the 
outer edge of which, the Signs and Degrees are laid down ; and every 
fifth Degree is drawn through the reft of the furface of this Plate towards 

its Center. On this Plate are feven Grooves, to which feven little 
Balls are adjufted by fliding Wires, fo that they are eafily moved in 

the Grooves, without danger of ftarting out of them. ‘The Ball next 
the terreftrial_Globe is the Moon, the next without it is Mercury, the 

next Venus, the next the Sun, then Mars, then Jupiter, and laftly 

Saturn; and in order to know them, they are feparately ftampt with 

the following Characters; }, ¢, 2, &, &, %, kh. This Plate 

or Ecliptic 1s fupported by four ftrong Wires, ‘having their lower ends 

fixed into the Pedeftal, at C, D, and FE, the fourth being hid by the 

Globe. The Ecliptic is inclined 23% Degrees to the Pedeftal, and is 
therefore properly inclined to the Axis of the Globe which ftands 

upright on the Pedeftal. 


To reétify this Machine. Set all the planetary Balls to their geocen- To restify it. 


tric places in the Ecliptic for any given time by an Ephemeris: then, 
fet the North Point of the Horizon to the Latitude of your place on 
the-brafen Meridian, and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Gtobe with its Furniture till 
the Quadrant of Altitude comes right againft the Sun, vz. to his 
place in the Ecliptic; and keeping it there, fet the Hour Index to the 
XII next the letter C; and the Machine will be rectified, not only for 
the following Problems, but for feveral others, which the Artift may 
eafily find out. 


PaR.O) BOLE. M.i. 


To find the Amplitudes, Meridian Altitudes, and times of Rifing, Culmi- 
nating, and Setting, of the Sun, Moon, and Planets. 


Turn the Globe round eaftward, or according to the order of It’s uf. 


Signs ; and as the eaftern edge of the Horizon comes right. againft 
the Sun, Moon, or any Planet, the Hour Index will fhew the time 
of it's rifing; and the inner edge of the Ecliptic will cut. it’s rifing 
Amplitude in the Horizon. Turn on, and as the Quadrant of Alti- 
Na 2 tude 

































75 





Pie tea ti aed aeisa oo aR SRE TERS Bs 


Beit. Bins saniabs isi teat irntiatiiaubiaaaitentbili bil 


The Tra- 
JECTORIUM 
ELuNARE. 
PL. VII. 
Fig. V. 





The Trajecrorrum Lunare defcribed, 


tude comes right againft the Sun, Moon, or Planets, the Ecliptic cuts 
their meridian Altitudes in the Quadrant, and the Hour Index thews 
the times of their coming to the Meridian. Continue turning, and 
as the weftern edge of the Horizon comes right againft the Sun, 
Moon, or Planets, their fetting Amplitudes are cut in the Horizon 


by the Ecliptic ; and the times of their fetting are fhewn by the Index 
on the Hour Circle. 


PROBLEM IL 


To find the Altitude and Azimuth of the Sun, Moon, and Planets, at any 
tzme of their being above the Horizon. 


Turn the Globe till the Index comes to the given time in the Hour 
Circle; then keep the Globe fteady, and moving the Quadrant of 
Altitude to each Planet refpectively, the edge of the Ecliptic will cut 
the Planet’s mean Altitude on the Quadrant, and the Quadrant will 
cut the Planet’s Azimuth, or Point of Bearing on the Horizon. 


PROBLEM -IIE. 


The Sun’s Altitude being given at any time either before or after Noon, ta 


find the Hour of the Day, and the Variation of the Compafs, in any 
known Latitude. 


With one hand hold the édge of the Quadrant right againft the Sun ; 
and, with the other hand, turn the Globe weltward, if it be in the 
forenoon, or eaftward if it be in the afternoon, until the Sun’s place 
at the inner-edge of the Fcliptic cuts the Quadrant in the Sun’s ob- 
ferved Altitude; and then the Hour Index will point out the time of 
the day, and the Quadrant will cut the true Azimuth, — or Bearing of 
the Sun for that time: the difference between which, and the Bear- 


ing {hewn by the Azimuth Compafs, fhews the variation of the Com- 
pafs in that place of the Earth. 


440. The TRayecrorium Lunarz. This Machine js for deli- 
neating the paths. of the Earth and Moon, fhewing what fort of 
Curves they make in the etherial regions; and was juft mentioned in 
the 266th Article, S.is the Sun, and EB the Earth, whofe Centers 
are 81 Inches diftant from each other every Inch anfwering to a 
Million of Miles § 47. Mis the Moon, whofe Center js i parts: 
ef an Inch from the Earth’s in this Machine; this being in juft pro- 
portion to the Moon’s diftance from: the Earth §-52. 44 isa Bar: 
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of Wood, to be moved by hand round the Axis & which is fixed in 
the Wheel 7% The Circumference of this Wheel is to the Circum- 
ference of the {mall Wheel ZL, (below the other end of the Bar) as 
365% days is to 294; or as a Yearis to a Lunation. The Wheels 
are grooved round their edges, and in the Grooves is the cat-gut 
ftring GG crofling between the Wheels at X. On the Axis of the 
Wheel LZ is the Index F, in which is fixed the Moon’s Axis M for 
carrying her round the Earth E (fixed on the Axis of the Wheel L) 
in the time that the Index goes round a Circle of 29! equal parts, 
which are the days of the Moon’sage. The Wheel “has the Months 
and Days of the year all round it’s Limb; and in the Bar 4A is fixed 
the Index J, which points out the Days of the Months anfwering to 
the Days of the Moon’s age, fhewn by the Index F, in the Circle of 
29; equal parts at the other end of the Bar. On the Axis of the 
Wheel L is put the piece D, below the Cock C, in which this Axis 
turns round; and in D are put the Pencils ¢ and m, directly under 
the Earth HE and Moon M; fo that m is carried round e as M is 
round E. 



















Lay the Machine on an even Floor, preffing gently on the Wheel It’s ufe. 


Y to caufe its fpiked Feet (of which two appear at P and P, the 
third being fuppofed to be hid from fight by the Wheel) enter a little 
into the Floor to fecure the Wheel from turning. Then lay a 
paper about four foot long under the Pencils e and m, crofs-wife to 
the Bar: which done, move the Bar flowly round the Axis g of the 
Wheel Y; and,-as the Earth E goes round the Sun 8, the Moon 
M will go round the Earth with a duly proportioned velocity; and 
the friction Wheel WY running on the Floor, will keep the Bar from 
bearing too heavily on the Pencils e and m, which will delineate the 
paths of the Earth and Moon, as in Fig. 2d, already defcribed at large, 
§ 266, 267. As the Index J points out the Days of the Months, 
the Index F fhews the Moon’s age on thefe Days, in the Circle of 
29% equal parts. And as this laft Index points to the different Days 
in it’s Circle, the like numeral Figures may be {et to thofe parts of the 
Curves of the Earth’s Path and Moon’s, where the Pencils e and m 
are at thofe times refpectively, to fhew the places of the Earth and 
Moon. Ifthe Pencil e be puthed a very little off, asif from the Pencil 
m, to about -; part of their diftance, and the Pencil pufhed as 
much towards e, to bring them to the fame diftances again, though 
not to the fame points of fpace; then as. goes round e, e will go 
as it were round the Center of Gravity between the Earth e and Moon 
m § 298: but this Motion will not fenfibly alter the Figure of the 
Earth’s Path or the Moon’s. Se 
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Ifa Pin asp be put through the Pencil m, with its head towards 
that of the Pin gin the Pencil e, its head will always keep thereto 
as m goes round e, or as the fame fide of the Moon is ftill obverted 
to the Earth. But the Pin ~, which may be confidered as an equa- 
toreal Diameter of the Moon, will turn quite round the Point m, 
naking.all poffible Angles with the Line of its progrefs or line of the 


Moon’s Path. ‘This is an ocular proof of the Moon’s turning round 
her Axis. 


441. The Tipr-Diau. ‘The outfide parts of this Machine confift 
of, 1. An eight-fided Box, on the top of which at the corner is 
fhewn the Phafes of the Moon at the Odtants, Quarters, and Full. 
Within thefe is a Circle of 29 equal parts, which are the days of 
the Moon’s age accounted from the Sun at New Moon round. to 
the fame again. Within this Circle is one of 24 hours divided into 
their refpective Halves and Quarters. 2. A moving elliptical Plate 
painted blue to reprefent the rifing of the Tides under and oppofite 
to the Moon; and has the words, High Water, Tide Salling, Low 
Water, Tide rifing, marked upon it.. To one end of this Plate js 
fixed the Moon M by the Wire W, and goes along with it, 
3. Above this elliptical Plate is a round one, with the Points. of the 
Compafs upon it, and alfo the names of above 200 places in the large 
Machine (but only 32 in the Figure to avoid confufion) fet over 
thofe Points on which the Moon bears when fhe raifes the Tides to 
the greateft heights at thefe Places twice in every lunar day: and 
to the North and South Points of this Pilate are fixed two Indexes 
Land K, which fhew the times of High Water in the Hour Circle 
at all thefe places. 4. Below the elliptical Plate are four fmall Plates, 
two of which project out from below its ends at New and Full] 
Moon; and fo, by lengthening the Ellipfe thew the Spring Tides, 
which are then raifed,to the greateft heights by the united attra@ions 
of the Sun and Moon § 302. The other two of thefe {mall Plates 
appear at low water when the Moon is in her Quadratures, or at 
the fides of the elliptic Plate, to thew the Nepe Tides; the Sun 
and Moon then acting crofs-wife to each other. When any two 
of thefe :{mall Plates appear, the other two are hid; and when the 
Moon is in her OGants they all difappear, there being neither 
Spring nor Nepe Tides at thofe times. Within the Box are a 
few Wheels for performing thefe ‘Motions by the Handle or 
Winch HZ. 


Turn 
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Turn the Handle until the Moon Mf comes to any given day of 
her age in the Circle of 29: equal parts, and the Moon’s Wire WY 
will cut the time of her coming to the Meridian on that day, in the 
Hour Circle; the XII under the Sun being Mid-day, and the oppofite 
XII Mid-night: then looking for the name of any given place on 
the round Plate (which makes 291! rotations whilft the Moon 
makes only one revolution from the Sun to the Sun again) turn the 
Handle till that place comes to the word High Water under the 
Moon, and the Index which falls among the Afternoon Hours will 

ew the time of high water at that place in the Afternoon of the 
given day: then turn the Plate half round, till the fame place comes 
to the oppofite High Water Mark, and the Index will thew the 
time of High Water in the Forenoon at that place. And thus, as 
all the. different places come fucceffively under and oppofite to the 
Moon, the Indexes fhew the times of High Water at them in both 
parts of the day: and when the fame places come to the Low 
Water Marks the Indexes fhew the times of Low Water. — For 
about two days before. and after the times of New and Full Moon, 
the two fmall Plates come out a little way from below the High 
Water Marks on the elliptical Plate, to fhew that the Tides rife 
ftill higher abont thefe times : and about the Quarters, the other two 
Plates come out a. little from under the Low Water Marks towards 
the Sun and. on the oppofite fide, fhewing that the Tides of 
Flood rife not then fo high, nor do the Tides of Ebb fall fo low, as at 
other times. ia ee 

By pulling. the Handle a little way outward, it is difengaged from 
the Wheel-work, and then the upper Plate may be turned round 
quickly by hand fo, as the Moon may be brought to any given day of 
her age in about a quarter of a minute. 

On AB, the Axis of the Handle H, is an endlefs Screw C’ which The infide 


Wor le de- 


turns the Wheel FED of 24 teeth round in 24 revolutions of the 7% =. 

Handle: this‘Wheel turns another ONG of 48 teeth, and on its 

Axis is the Pinion PQ of four leaves which turns the Wheel LK Fig. Vir. 

of s9-tecth round in 29% turnings or rotations of the Wheel PED, 

or in 708 revolutions of the Handle, which is the number of Hours 

in a fynodical revolution of the Moon. The round Plate with the 

names of Places upon it is fixed on the Axis of the Wheel FED; 

and the Elliptical’ or ‘Tide-Plate with the Moon fixed to it is upon 

the Axis of the Wheel LKI; confequently, the former makes 297 

revolutionsin the time that the latter makes one. The whole W heel 

FED with the endlefs Screw C, and dotted part of the ate th 
1anaie 
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The FEcLipsAREON defcribed. 


Handle 4B, together with the dotted part of the Wheel ONG, lie 
hid below the large Wheel LKI. 
Fig. oth reprefents the under fide of the Elliptical or Tide-Plate 


abcd, with the four fmall Plates ABCD, EFGH, IKLM, NOP, 


upon it: each of which has two flits as JT, SS, RR, UU fliding 
on two Pins- as 2x, fixed in the elliptical Plate. In the four fmall 
Plates are fixed four Pins at W, X, Y; and Z; all of which work 
in an elliptic Groove ooo on the cover of the Box below the elliptical 
Plate; the longeft Axis of this Groove being in a right line with the 
Sun and Full Moon. Confequently, when the Moon is in Con- 


junction or Oppofition, the Pins W and X thruft out the Plates ABCD 


and [KLM a little beyond the ends of the elliptic Plate at d and 4, 
to f and e; whilft the Pins Y and Z draw in the Plates EFGH 
and NOP quite under the elliptic Plate to g and 4 But, when 
the Moon comes to her firft or third Quarter, the elliptic Plate lies 
acrofs the fixed elliptic Groove in which the Pins work; and there- 
fore the end Plates BCD and IKLM are drawn in below the great 
Plate, and the other two Plates EFGH and NOP are thruft out 
beyond it to @ and c. When the Moon is in her O@ants the Pins 
VX, Y,Z are in.the parts 0, 0, 0,0 of the elliptic Groove, which 
parts are at a mean between the greateft and leaft diftances from the 


Center g, and then all the four fmall Plates difappear below the 
great one. 


442. The Ecuipsareon. This Piece of Mechanifm exhibits the 
Time, Quantity, Duration, and Progrefs of folar Eclipfes, at all Parts 
of the Earth. 

The principal parts of this Machine are, 1. A terreftrial Globe 4 
turned round its Axis B by the Handle or Winch M; the Axis B 
inclines 23 Degrees, and has an Index which goes round the Hour 
Circle D in each rotation of the Globe. 2. A circular Plate E on 
the Limb of which the Months and Days of the year are inferted. 
This Plate fupports the Globe, and gives its Axis the fame pofition 
to the Sun, or to a candle properly placed, that the Earth’s Axis has 
to the Sun upon any day of the year § 348, by turning the Plate 
till the given Day of the Month comes to the fixed Pointer or annual 
Index G. 3. A crooked Wire F which points towards the middle 
of the Earth’s enlightened Difc at all times, and fhews to what place 
of the Earth the Sun is vertical at any given time. 4. A Penumbra, 
or thin circular Plate of brafs I divided into 12 Digits by 12 con- 
centric Circles, which reprefent a Section of the Moon’s Penumbra, 
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and is proportioned to the fize of the Globe; fo that the thadow of 
this Plate, formed by the Sun, or a candle placed at a convenient 
diftance, with it’s Rays tran{mitted through a convex Lens to make 
them fall parallel on the Globe, covers exaétly all thofe places upon 
it that the Moon’s Shadow and Penumbra do on the Earth: fo that 
the Phenomena of any folar Eclipfe may be fhewn by this Machine 
with candle-light, almoft as well as by the light of the Sum. 5. An 
upright frame HHHH, on the fides of which are Scales of the Moon’s 
Latitude or Declination from the Ecliptic. To thefe Scales are fitted 
two Sliders K and K,~- with Indexes for adjufting the Penumbra’s 
Center to the Moon’s Latitude, as -it is North or South Afcending or 
Defcending. 6. A folar Horizon C, dividing the enlightened Hemi- 
{phere of the Globe from that which is in the dark at any given 
time, and fhewing at what places the general Eclipfe begins and 
ends with the rifing or fetting Sun. 7. A Handle M, which turns the 
Globe round it’s Axis by wheel-work, and at the fame time moves the 
Penumbra acrofs the frame by threads over the Pullies L, L, L, 
with the velocity duly proportioned to that of the Moon’s fhadow 
over the Earth, as the Earth turns on its Axis. And as the Moon’s 
Motion is quicker or flower, according to her different diftances from 
the Earth, the penumbral Motion is eafily regulated in the Machine 
by changing one of the Pullies. 

To rectify the Machine for ufe. The true time of New Moon and T° redify it. 
her Latitude being known by the foregoing Precepts § 355, 363. 
if her Latitude exceeds the number of minutes or divifions on the 
Scales (which are on the fide of the frame hid from view in the 
Figure of the Machine) there can be no Eclipfe of the Sun at that 
Conjunction; but if it does not, the Sun will be eclipfed to fome 
places of the Earth; and, to fhew the times and various appearances 
of the Eclipfe at thofe places, proceed in order as follows. 

To rectify the Machine for performing by the Light of the Sun. 1. Move 
the Sliders KK till their Indexes point to the Moon’s Latitude on the 
Scales, as it is North and South Afcending or Defcending, at that 
time. 2. Turn the Month Plate £ till the day of the given New 
Moon comes to the annual Index G. 3. Unfcrew the Collar N a 
little on the Axis of the Handle, to loofen the contiguous Socket 
on which the threads that move the Penumbra are wound; and fet 
the Penumbra by Hand till its Center comes to the perpendicular 
thread in the middle of the frame; which thread reprefents the 
Axis of the Ecliptic § 371. 4. Turn the Handle till the Meridian of 
Londow on the Globe comes juft under the point of the crooked 
Qa Wire 
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Wire F; then ftop, and turn the Hour Circle D by Hand till XII 
at Noon comes to its Index. 5. Turn the. Handle till the Hour 
Index points to the time of New Moon in the Circle D; and hold- 
ing it there, ferew faft the Collar N. Laftly, elevate the Machine till 
the Sun fhines through the Sight-Holes in the {mall upright Plates 
O, O, on the Pedeftal; and the whole Machine will be rectified. 

To rectify the Machine for fhewing the Candle-Light, proceed in every 
refpect as above, except in that part of the laft paragraph where the 
Sun is mentioned ; inftead of which place a Candle before the Machine, 
about four yards from it, fo as the fhadow of InterfeQtion of the crofs 
threads in the middle of the frame may fall precifely on that part of 
the Globe to which the crooked Wire / points: then, with a pair of 
Compafles take the diftance between the Penunibra’s Center and In- 
terfection of the threads; and equal to that diftance fet the Candle 
higher dr lower as. the Penumbra’s Center is above or below the faid 
InterfeGion. Laftly, place a large convex Lens between the Machine 
and Candle, fo as the Candle may be in the Focus of the Lens, and. 
then the Rays will fall parallel, and caft a ftrong light on the Globe. 

Thefe things done, which may be fooner than exprefled, turn the 
Handle backward until the Penumbra almoft touches the fide HF 
of the frame; then turning it gradually forward, obferve the follow- 
ing Phenomena. 1. Where the eaftern edge of the Shadow of the 
penumbral Plate J firft touches the Globe at the folar Horizon, thofe 
who inhabit the correfponding part of the Earth fee the Eclipfe 
begin on the uppermoft edge of the Sun, juft at the time of its 
rifing. 2. In that place where the Penumbra’s Center firft touches the 
Giobe, the inhabitants have the Sun rifing upon them, centrally 
eclipfed. 3. Whenthe whole Penumbra juft falls upon the Globe, its 
weftern edge, at the folar Horizon, touches and leaves the piace 
where the Eclipfe ends at Sun-rife on his lowermoft edge. Con- 
tinue turning, and, 4. the crofs lines in the Center of the Penumbra 
will go over all thofe places on the. Globe where the Sun is cen- 
trally eclipfed. 5. When the eaftern edge of the Shadow touches 
any place of the Globe, the Eclipfe begins there: when the vertical 
line in the Penumbra comes to any place, then is the greateft ob- 
fcuration. at that place; and when the weftern edge of the Penumbra 
Jeaves the place, the Eclipfe ends there; the times of all which are 
fhewn on the Hour Circle: and from the beginning to the end, 
the Shadows of the concentric penumbral Circles {hew the number 
of Digits eclipfed at all the intermediate times. 6. When the eaftern 
edce of the Penumbra Icaves the Globe at the folar Horizon C, 
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The EcurPsAREON defcribed. 


the inhabitants fee the Sun beginning to be eclipfed on his lower- 
moft edge at its fetting. 7. Where the Penumbra’s Center leaves the 
Globe, the inhabitants fee the Sun {fet centrally eclipfed. And laftly, 
where the Penumbra is wholly departing. from the Globe,-the inha- 
bitants fee the Eclipfe ending on the uppermoft part of the Sun’s edge, 
at the time of its difappearing in the Horizon § 343. 


N. B. If any given day of the year on the Plate E be fet to the 
annual Index G, and the Handle turned till the Meridian of any place 
comes under the point of the crooked Wire, and then the Hour 
Circle D fet by the hand till XII comes to its Index; in turning the 
Globe round by the Handle, when the faid place touches the eaftern 
edge of the Hoop or folar Horizon C, the Index fhews the time of 
Sun-fetting at that place ; and when the place is juft coming out from 
below the other edge of the Hoop C, the Index thews the time that 
the evening Twilight ends to it. When the place has gone through 
the dark part 4, and comes about fo to touch under the back of the 
Hoop C on the other fide, the Index fhews the time that the Morn- 
ing Twilight begins ; and when the fame place is juft coming out from 
below the edge of the Hoop next the frame, the Index points out 
the time of Sun-rifing.’ And thus, the times of Sun-rifing and fetting 
are {hewn at all places in one rotation of the Globe, for any given day 
of the year: and the point of the crooked Wire F fhewsall the places 
that the Sun paffes vertically over on that day. 
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‘The numeral Figures refer to the Articles, and the fmall » to the 
| Notes on the Articles. 


A. 


ACCELERATION of the Stars, 221. 
Angle, what, 185. 

Annual Parallax of the Stars, 196. 

Anomaly, what, 239. 

Antients, their fuperftitious notions of 

Eclipfes, 329. 

Their method of dividing the Zodiac, 

98. 
Mines what, 122, 
Apfides, line of, 238. 
ARCHIMEDES, his ideal Problem. for 

moving the Earth, 159. 

Areas, detcribed by the Planets, equal in 

times, 153. 

Aftronomy, the great advantages arifing from 
it both in our religious and civil con- 

LENS) 15 \) 

Difcovers the laws by which the Planets 

move, and are retained in their Orbits, 2. 

Atmofphere, the higher the thinner, 174. 

It’s prodigious expanfion, 7d, 

It’s whole weight on the Earth, 
175. 

(iescaliy thought to be heavieft when 
it is lighteft, 176. 

‘Without it the Heavens would appear 
dark in the day-time, 177, 

Is the caufe of twilight, 7, 

It’s height, 7d. 

Refraéts the. Sun’s rays, 178, 

Caufeth the Sun and Moon to appear 
above the Horizon when they are 
really below it, 7d. 

Foggy, deceives us in the bulk and di- 
{tance of objeéts, 185. 

Attraétion, 101—105. 

Decreafes as the fquare of the diftance 

increafes, 106. , 


Greater in the larger than in the f{maller 
Planets, 158. 
Greater in the Sun than in all the 
_ Planets if put together, id. 
Axes of the Planets, what, TQ..55009 
Their different pofitions with refpeét to 
one another, 120. 
Axis of the Earth, it’s parallelifm, 302. 
It’s pofition variable as. feen from the 
Sun or Moon, 338. the Phenomena 
thence arifing, 340. 


B, 


Bodies, on the Earth, lofe of their weight 
the nearer they are to the Equator, 
117. 

How they might lofeall their weight, 118, 
How they become vifible, 167. 


C. 


Calculator, (an Inftrument) defcribed, 436. 
Calendar, how to  infcribe the Golden 
Numbers rightly in it for fhewing the 

days of New Moons, 423. 

Cannon- Ball, it’s {wiftnels, 89. 

In what times it would fly from the 
Sun to the different Planets and fixed 
Stars, 7d. 

Cassint, his account of a double Star 

eclipfed by the Moon, 58 

His ee of the Paths of the Planets, 
138. 

Catalogue of the Eclipfes, 327, 
Of the Conftellations and Stars, 367. 
Of remarkable ras and events, 433. 
Céleftial Globe improved, 438, 


Centripeta]l ~ 
















































Centripetal and centrifugal forces, how they 
alternately overcome each other in the 
motions of the Planets, 152-154. 

Changes in the Heavens, 403. 

Chords, line of, how to make, 369. 

Circles, of perpetual Apparition and Occul- 
tation, 128. 

Of the Sphere, 198. 

Contain 360 Degrees whether they be 
great or {mall, 207. 

Civil Year, what, 411. 

CoLumsBus (CuRIsToPHER) his ftory 
concerning an Eclipfe, 330. 

Clocks and Watches, an eafy method of 
knowing whether they go true or falfe, 
2.23 
Why they feldom agree with the Sun 

if they go true, 228—245. 

How to regulate them by Equation 
Tables and a Meridian line, 225, 
2.26. 

Cloudy Stars, 402. 

Cometarium (an Inftrument) defcribed, 


Confictiations, antient, their number, 396. 
The number of Stars in each, according 
to different Aftronomers, 399. 
Cycle, Solar, Lunar, and Romifb, 420, 
Of Eafter, 425. 


Dig 

Darknefs at our SAviour’s crucifixion 
fupernatural, 352, 432. 

Day, natural and artificial, what, 417. 
And Night, always equally long at. the 

Equator, 126. 
Natural, not compleated in an abfolute 
turn of the Earth on it’s Axis, 222. 

Degree, what, 207. 

Digit, what, 321, 2. 

Direétion, (Number of) 426. 

Diftances of the Planets from the Sun, an idea 
thereof, 89. 
A Table thereof, 98. 
How found, 190. 

Diurnal and annual Motions of the Earth 
illuftrated, 200, 202. 

Dominical Letter, 427. 

Double projectile force, a balance to a Qua- 
druple Power of Gravity, 153. 
Star covered by the Moon, 58. 
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IND ¥ .X, 


E. 


Earth, it’s bulk but a point as feen from 

the Sun, 3. 

It’s Diameter, annual Period, and Di- 
ftance from the Sun, 47. 

‘Turns round it’s Axis, id. 

Velocity of it’s equatoreal Parts, 73. 

Velocity in it’s annual Orbit, id. 

Inclination of it’s Axis, 48. 

Proof of it’s being globular, or nearly 
fo, 49, 314. 

Meafurement of it’s furface, 50, 51. 

Difference between it’s Equatoreal and 
Polar Diameters, 76. 

It’s motion round the Sun demonftrated 
by gravity, 108, 111. by Dr. Brap- 
LEY’s obfervations, 113. by. the 
Eclipfes of Jupiter’s Satellites, 219. 

It’s diurnal motion highly probable from 
the abfurdity that muft follow upon 
fuppofing it not to move, ILI. 120. 
and d€monftrable from it’s figure, 116. 
this motion cannot be felt, 119. 

Objections againft it’s motion anfwered, 
11259 122% 

It has no fuch thing as an upper or under 
fide, 122. in what cafe it might, 123. 

The {wiftnefs of it’s motion in it’s Orbit 
compared with the velocity of light, 
1Q7- 

It’s ach and annual motions illuftrated 
by an eafy experiment, 200. 

Proved to be lefs than the Sun and bigger 
than the Moon, 315. 

after Cycle, 425. 
Eclipfareon (an Inftrument) defcribed, 442. 
Eclipfes, of Jupiter’s Satellites, how the 

Longitude is found by them, 207—218. 

they demonttrate the velocity of light, 

216. 

Of the Sun and Moon, 312—327. 

Why they happen not in every month, 


16. 
When they muft be, 317. 
Their limits, 7d. 
Their Period, 320, 326. 
A diflertation on their progrefs, 321— 
324. 
A large catalogue of them, 327, 
Hiftorical ones, 328, 
More 








More of the Sun than of the Moon, and 
why, 23!. 

The proper Elements for their calcula- 
tion and projection, 353—-390. 
Ecliptic, it’s Signs, their names and cha- 

racters,. QI. 

Makes different Angles with the Horizon 
every hour and ‘minute, 275. how 
thefe Angles may be-eftimated by the 
pofition of the Moon’s ‘horns, 260. 

It’s obliquity to the Equator lefs now 
than it was formerly, 405, 

How it’s Signs are numbered, 354. 

Elongations, of the Planets, as feen by an 
obferver at reft onthe outfide of all their 

Orbits, 133. 

Of Mercury and Venus as feen from the 
Earth, illuftrated, 142. it’s quantity, 


143. 
Of ieee) Venus, the Earth, Mars, 
and Jupiter; it’s quantity as feen from 
Saturn, 147. 
Epochas or Eras, 433. . 
Equation of time, 224-245. 
Of the Moon’s Place, 355. 
Of the Sun’s Place, 7. 
Of the Nodes, 363 

Equator, day and night always equal there, 
126. 
Makes always the fame Angle with the 

Horizon of the fame place; - the 
Ecliptic not, 274, 275. 

Equinoétial Points in the Heavens, their 
preceffion, 246, avery different thing 
from the receffion or anticipation of the 
Equinoxes on Earth, the one no ways 
occafioned by the.other, 240. 

Excentricities of the Planets Orbits, 155. 


Fi 


Fallacies in judging of the bulk of objects 
by their apparent diftance, 185; applied 
to the folution of the horizontal Moon, 
187. ; 

Firft Meridian, what, -207. 

Fixed Stars, why they appear of lefs mag- 
nitude when viewed through a telefcope 
than by the bare eye, 391. 

Their number, 392. 
Their divifion into different Claffes and 
Contftellations, 395—399. 
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G. 


General Phenomena of a fuperior Planet as 

feen from an inferior, 149. 

Gravity, demonftrable, 101—104. 

Keeps all bodies on. the Earth to it’s 
furface, or brings. them ‘back when 
thrown upward ; and conftitutes their 
weight, 101, 122. 

Retains all the Planets in their Orbits, 
103. 

Decreafes as the fquare of the diftance 
increafes, 106. 

Proves the Earth’s annual motion, 108. 

Demonftrated to be greater in the larger 
Planets than in ‘the {maller; and 
ftronger in the Sun than in all the 
Planets together, 158. 

Hard to underftand what it is, 160. 

Adts every moment, 162. 

Glebe, wnproved celeftial, 438. 
Great Year, 251. 


H. 


Harmony of the celeftial motions, 111% 

Harveft-Mocn, 273-293. — 

None at the Equator, 273. 

Remarkable at the. Polar Circles, 285. 

In what years moft and leaft advantageous, 
292. 

Heat, decreafes' as the {quatre of the di- 
{tance from the Sun increafes, 169. 
Why not. greateft when the Earth is 

neareit the Sun, 205. 

Why greater about three o’Clock in the 
afternoon than when the Sun is on the 
Meridian, 300. 

Heavens, feem to turn round with different 
velocitiesas feen from the different Planets; 
and on different Axes as feen from moft 
of them, 120. 

Only one Hemifphere of them feen at 
once from any one Planet’s furface, 
125. 

The Sun’s Center the only point from 
which their true Motions could be 
feen, 135 

Changes in. them, 403. 

Horizon, what, 125, %: 

2, Horizontal. 
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tor, 193. 
Hour-Circles, what, 208. 


Hour of time equal to 15 degrees of mo- 


tion, 72d. 


How divided by the Fews, Chaldeans, 


and Arabians, 419. 


Huycentivus, his thoughts concerning the 


diftance of fome Stars, 5. 


10 Je 


Inclination of ,V enus’s Axis, 29. 
Of the Earth’s, 48. 


Of the Axis or Orbit of a Planet only 


relative, 201. 


Inhabitants of the Earth (or any other 
Planet) ftand on oppofite fides with their 
feet toward one another, yet eachthinks 
himfelf on. the upper fide, 122. 


Fultan Period, 430. 


Jupiter, its diftance, diameter, diurnal 

and annual revolutions, 67--69. 

The Phenomena of it’s Belts, 70. 

Has no difference of feafons, 71. 

Has four Moons, 72, their grand Pe- 
riod; 73; the Angles which their Or- 
bits fabrend as, feen from the Karth, 
74. moft of them are eclipfed in every 


revolution, 75. 


The great difference between it’s equa- 
toreal and polar Diameters, 76. 
The inclination of it’s Orbit, and place 


of it’s Afcending, Node, 77. 


The Sun’s light 3000 times as: ftrong 
on. it as Full Moon-light is on the 


e Earth, 85. 
Is probably inhabited, 86. 


The amazing ftrength required to put it 


in motion, 158. 


The figures of the Paths defcribed by 


it’s Satellites, 26g. 


L, 


Light, the inconceivable fimallnefs of it’s 
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. Horizontal- Moon explained, 187. 
Horizontal Parallax, of the Moon, 1g0; of 
the Sun, 1913; beft obferved at the 


It’s furprifing velocity, 166. compared 
with: the {wiftnefs ef the Earth’s an- 
nual motion, 197.’ 

Decreafes as the fquare of the diftance 
ae the luminous body increafes, 
169. . 

Is refracted in paffing through different 
Mediums, \171—17 3. 

. Affords a, proof of the Earth’s annual 
motion, 197, 219. 

In what time it comes from the Sun to 
the Earth, 216. this explained by a 

‘2 figuuej2575 

Limits of Eclipfes, 317. 

Line, of the Nodes, what, 317; has a re- 
trograde motion, 319. 

Of Sines and Chords, how to make, 
369. 

Lone (Rev. Dr.) his method of comparing 
the quantity of the furface of dry land 
with that of the Sea, 51. . 

His glafs fphere, 126. 

Longitude, how, found, 207—213. 

Lucid Spots in the Heavens, 401. 

Lunar Cycle deficient, 422. 


M. 


Magellanic Clouds, 402. 

Man, of a middle fize, how much prefled 
by the weight of the Atmofphere, 175; 
why this preflure is not felt, 24. 

Mars, it’s Diameter, Period, Diftance, 
and other Phenomena, 64—67. 

Matter, it’s properties, 99. 

Mean Anomaly, what, 239, 

Mercury, its Diameter, Period, Diftance 
cceleie2. 
Appears in all the fhapes of the Moon, 


Je 
When it will be feen on the Sun, 24, 
The inclination of it’s Orbit and Place 
of it’s Afcending Node, 7d. 
It’s Path delineated, 138. 
Experiment to fhew it’s Phafes and ap- 
parent Motion, 142. 
Mercury (Quickfiver) in the Barometer, 
why not affected by the Moon’s railing 
| Tides in the Air, 3114. 


particles, 165, and the dreadful: mif- Aderidian, firft, 207. 


chief they would do if they were larger, 


1606. 


Line, how to draw one, 226. 
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Milky Way, what, 400. 
Months, Fewifh, Arabian, Egyptian, and 

Grecian, 415+ 

Moon her Diameter and Period, 52. 

Her phafes, 53, 255. 

Shines not by her own light, 54. 

Has no difference of feafons, 55. 

The Earth is a Moon to her, 56. 

Has no Atmofphere of any vifible Den- 
fity, 58; nor Seas, 59. 

How her inhabitants may be fuppofed to 
meafure their year, 62. 

Her light compared with day-light, 85. 

The excentricity of her Orbit, 98. 

Is nearer the Earth now than fhe was 
formerly, 163. 

Appears bigger in the Horizon than at 
any confiderable height above it, and 
why, 187; yet is feen much under 
the fame Angle in both cafes, 188. 

Her furface mountainous, 252: if fmooth 
fhe could give us no light, 7d. 

Why no hills appear round her edge, 


259: 

Has no Twilight, 254. 

Appears not always quite round when 
full, 256. 

Her phafes agreeably reprefented by a 
globular Stone viewed in Sun-fhine 
when fhe is above the Horizon, and 
the obferver placed as if he faw her 
on the top of the Stone, 258. 

Turns round her Axis, 262. 

The length of her Solar and Sidereal 
Day, 7b. 

Her periodical and fynodical revolution 
reprefented by the motions of the 
hour and minute hands of a Watch, 
264. 

‘Her Path delineated, and fhewn tobe al- 
ways concave to the Sun, 265—268. 

Her motion alternately retarded and ac- 
celerated, 267. 

Her gravity toward the Sun greater than 
toward the Earth at her Conjunction, 
and why fhe does not then. abandon 
the Earth on that account, 268. 

Rifes. nearer the time of Sun-fet when. 
about the full in harveft fora whole 
week than when fhe is about the full 
at any other time of the year, andi 
why, 273—284: this rifing goes 
through a courfe of increafing and 
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decreafing benefit to the farmers every 
Ig years, 292. 

Continues above the Horizon of the 
Poles for fourteen of our natural Days. : 
together, 293. 

Proved to be globular, 314. and to be 
lefs than the Earth, 315. 

Her Nodes, 317. afcending and defcend- 
ing, 318, their retrograde motion, 
319. 

Her acceleration proved from antient. 
Eclipfes, 322, 7. 

Her Apogee and Perigee, 336. 

Not invifible when fhe is totally eclipfed, 
and why, 346. 

How to caleulate her Conjunétions, Op+ 
pofitions, and Eclipfes, 255— 390. 
How to find her age in any Lunation by 

the Golden Number, 423. 
Morning and Evening Star, what, 145. 
Motion, naturally rectilineal, roo. 

Apparent, of the Planets as feen by a 
{peCtator at reft on the outfide of all 
their Orbits, 133; andof the Heavens 
as feen from any Planet, 154. 


N. 


Natural Day, not compleated'in the time 
that the Earth turns round it’s Axis, 222. 
New and Full Moon to calculate the times 
of, 355: 
New. Stars, 403, cannot be Comets, 404. 
New Style, it’s original, 414. 
Nicras’s Eclipfe, 328. 
Nodes, of the Planet’s Orbits, their places. 
in the Ecliptic, 20. 
Of the Moon’s Orbit, 317. their retro- 
grade motion, 319. 
Nonagefimal Degree, what, 259. 
Number of Direétion, 426. 


oO. 


Objects, we often miftake their bulk by. 

miftaking their diftance, 185. 

Appear bigger when feen through a fog 
than through clear Air, and’ why,, 7b. 
this applied to the folution: of the 
Horizontal Moon, 187. 

Oblique Sphere, what, 131. 
Olympiadsy, 





























































Olympiads, what, 323. . 
Orbits of the Planets not folid, 21. 


Orrery defcribed, 434, 435» 43% 


FP. 


Parallax, Horizontal, what, 190. 
Parallel Sphere, what, 131. 
Path of the Moon, 265, 266, 267. 
Of Jupiter’s Moons, 269 
Pendulums, their vibrating flower at the 
Equator than near the Poles proves that 
the Earth turns on it’s Axis, 117. 
Penumbra, what, 336. 
It’s velocity on the Earth in Solar E- 
clipfes, 337. 
Period of Eclipfes, 320, 326. 
Phafes of the Moon, 252—268. 
Planets, much of the fame nature with the 

Earth, 11. 

Some have Moons belonging to them, 
¥2; 

Move all the fame way as feen from the 
Sun, but not as feen from one an- 
other, 18. 

Their Moons denote them to be inha- 
bited, 86. 

The proportional breadth of the Sun’s 
Difc as feen from each of them, 87. 

Their proportional bulks as feen from 
the Sun, 88. 

An idea of their diftances from the Sun, 
89. 

Appeit bigger and lefs by turns, and 
why, 90. 

Are kept in their Orbits by the power 
of gravity, 101, 150—158. 

Their motions very irregular as feen from 
the Earth, 137. 

The apparent motions of Mercury and 
Venus delineated by Pencils in an 
Orrery, 138. 

Elongations of all the reft as feen from 
Saturn, 147- 

Defcribe equal areas in equal times, 
153. 

The excentricities 
155 

In what times they would fall to the 
Sun by the power of gravity, 157. 

Difturb one another’s motions, the con- 
fequence thereof, 163. 


of their Orbits, 


LAND DQEMX. 


Appear dimmer when feen through tele- 
{copes than by the bare eye, the rea~" 
fon of this, 170. 

Planetary Globe defcribed, 439. 

Polar Circles, 198. 

Poles, of the Planets, what, 19. 

Of the world, what, 122. 

Celeftial, feem to keep on the fame points 
of the Heavens all the year, and why, 
196. 

Projeciile Force, 1503 if doubled would 
require a quadruple power of gravity to 
retain the Planets in their Orbits, 153. 
Is evidently an impulfe from the hand 

of the ALMIGHTY, 161. 

Preceffion of the Equinoxes, 240-251. 

Ptalemean Syftem abfurd, 90; 140. 


R, 
Rays of Light, if not difturbed, move in 


ftraight lines, and hinder not one an- 

other’s motions, 168. 

Are refracted in paffing through Gi fferent 
mediums, 171. 

Reflection of the Atmofphere caufes the T'wi- 
light, 177. 

Refraction of the Atmofphere bends the rays 
of light from ftraight lines, and keeps 
the Sun and Moon longer in fight than 
they would otherwife be, 179. 

A {urprifing inftance of this, 183. 
Mutt be allowed for in taking the Alti- 
tudes of the celeftial bodies, 7d, 

Right Sphere, 131+ 


5. 
Satellites; the times of their revolutions 
round their primary Planets, 52, 73, 
80. 
Their Orbits compared with each other, 
with the Orbits of the primary Planets, 
and with the Sun’s circumference, 271. 
What fort of Curves they defcribe, 272. 
Saturn, with his Ring and Moon’s, their 
Phenomena, 78, 79, 82. 
The Sun’s light 1000 times as ftrong 
to himas the light of the Full Moon 
is tous, 85. 
The Phenomena of his Ring farther 
explained, 204. 
P p ¥ Our 
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Our bleffed Saviour, the darknefs at his 
crucifixion fupernatural, 352. 

The prophetic year of his crucifixion 
found to agree with an aftronomical 
calculation, 432. 

Seafons, different, illuftrated by an eafy 
experiment, 200; by a figure, 202. 

Shadow, what, 312. 

Sidereal Time, what, 221; the number of 
Sidereal Days in a year exceeds the 
number of Solar Days by one, and why, 
297. 

An eafy method for regulating Clocks 
and Watches by it, 223. 

Signs of the Zodiac, their names and cha- 
racters, Q1, 305 
How they are numbered by Aftronomers, 


354+ 
Sines, fine of, how to make, 369. 
SmivH, (Rev. Dr.) his comparifon between 

Moon-light and Day-light, 85. 

His demonftration that light decreafes as 
the fquare of the diftance from the 
luminous bddy increafes, 169. 

(lr. GrorcGeE) his Differtation on the 


LAN ADE YX, 


Defcribes unequal arcs above and below 
the Horizon at different times, and 
why, 130. 

His Center the only place from which 
the true motions of the Planets could 
be feen, o1352m « 

Is for half a year together vifible at 
each Pole in it’s turn, and as long in- 
vifible, 200, 294. 

Is nearer the Earth in Winter than in 
Summer, 205. 

Why his motion agrees fo feldom with 
the motion of a well regulated Clock, 
224—245. 

Would more than fill the Moon’s Orbit, 
29 T% 

Bawa to be much bigger than the 


Earth, and the. Earth to be bigger 


than the Moon, 315. 
To calculate his true place, 360. 
Syftems, the Solar, 17—95;. the Ptole- 
mean, 96; the Tychonic, 97. 


, 


Progrefs of a Solar Eclipfe, 321324. Table, of the Periods, Revolutions, Mag- 


Solar Afironomer, the judgment he might 
be fuppofed to make concerning the 
Planets and Stars, 135, 1306. 
Sphere, parallel, oblique, and right, 131. 
It’s Circles, 198. 
Spring and Neap Fides, 302. 
Stars, their vaft diftance from the Earth, 
3, 196. 
Probably not all at the fame diftance, 4. 
Shine by their own light, and are there- 
fore Suns 7, probably to other 
worlds, 8. 

A demonftration that they do not move 
round the Earth, 117. 

Have an apparent flow motion round the 
Poles of the Ecliptic, and why, 251. 

A catalogue of them, 399. 

Cloudy, 402. 

New, 403. 

Some of them change their places, 404. 

Starry Heavens have the fame aapearance 
from any part of the Solar Syftem, 132. 

SUN, appears bigger than the Stars, and 
why, 4 
Turns round his Axis, 18, 

His proportional breadth as feen from 
the different Planets, 87, 
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nitudes, Diftances, &¢, of the Planets, 
facing § gg. 


Of the Air’s rarity, compreffion, and - 


expanfion at different heights, 174, 

Of refractions, 182. 

For converting time into motion, and the 
reverfe, 220. 

For fhewing how much of the celeftial 
Equator pafles over the Meridian in 
any part of a mean Solar Day; and 
how much the Stars accelerate upon 
the mean Solar time for amonth, 221, 

Of the firft part of the Equation of time, 
229. of the fecond part, 241. 

Of the preceflion of the Equinox, 247. 

Of the length of Sidereal, Julian, and 
Tropical Years, 251. 

Of the Sun’s place and 
Anomaly, tnd 

Of the Equation of ¢ ‘VOWS 251- 
natural Days, . 

Of the Conjunctions of the hour and 
minute hands of a Watch, 264. 

Of the Curves defcribed: by the Satellites, 
2.72. 

Of the difference of time in the Moon’s 
rifing and fetting on the parallel of 

Londom 
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London every day during her cowfe Venus, her bulk, diftance, period, length 


round the Ecliptic, 277. of days and nights, 26. 
Of Eclipfes, 327. . Shines not by her own light, id, 
For calculating New and Full Moons Is our morning and evening Star, 28. 
and Eclipfes, following 390. Her Axis, how fituated, 29. 
Of the Conftellations and number of the Her furprifing Phenomena, 29——43. 
Stars, 399. The inclination of her Orbit, 45. 
Of the fewi/h, Egyptian, Arabic, and When fhe will be feen on the Sun, 7d. 
Grecian months, 415. How it may probably be foon known 
For inferting the Golden Numbers right if fhe has a Satellite, 46. 
in the Calendar, 423. Appears in all the Shapes of the Moon, 
Of the times of all the New Moons for 295° LA1. 
76 years, 424. An experiment to fhew her phafes and 
Of remarkable AZras or Events, 433. apparent motion, 141. 


Of the Golden Number, Number of Vifon, how caufed, 167. 
Direétion, Dominical Letter, and 
Days of the Months, following 433. 
THALEs’s Eclipfe, 323. W. 
TuucypipEs’s Eclipfe, 324. : 
Tides, their Caufe and Phenomena, 295——- VWVeather, not hotteft when the Sun is 
neareft to us, and why, 205. 


a05: 
Tide-Dial defcribed, 441. Weight, the eaufe of it; 122. 
Trajeftorium Lunare defcribed, 440. ~~ Warld not eternal, 164. 


Tropics, 198. 
Twilight, none in the Moon, 254. 
Tychonic Syftem abfurd, 97. LY 


. Year, 407, Great, 251, Tropical, 408. 
U. Sidereal, 409, Lunar, 410, Civil, 411, 
Biffextile, 2b. Roman, 413, Fewifh, 
Univerfe, the Work of Almighty~ Power, Egyptian, Arabic, and Grecian, 415, 
5, 161. how long it would be if the Sun moved 
Up and down, only relative terms, 122, | round the Earth, 111. 
Upper or under fide of the Earth no fuch 


thing, 123. 
Li 


Vv. Zodiac, what, 397- 
Hew divided by the antients, 398. 


Velocity of Light compared with the velocity Zones, what, 199. 
of the Earth in it’s annual Orbit, 197. 
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